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Research suggests an “Adaptation Deficit” exists in the realm of climate change mitigation and 
adaptation. There is a lack of climate adaptation goals, policies and projects implemented at the 
local level.  Climate resilience relies on effective public engagement to ensure implementation. 
This type of engagement includes: (1) being aware of the issue and solutions; (2) feeling 
concerned about the problem; and (3) taking action. This research explores the impact of in situ 
3D landscape visualization coupled with meaningful dialogue, on public engagement for climate 
change resilience. A mixed methods approach was used to undertake this research study using 
landscape visualization in an experiential outdoor setting in San Mateo County, California. San 
Mateo County was chosen as an optimal site for this research because of efforts underway to 
plan and prepare for sea level rise across the region. Since the research was part of a larger 
project with numerous stakeholders, many characteristics of Action Research (AR) were 
incorporated into the research design. This included working with local, regional, state and 
federal stakeholders to choose the exact site location, target audience, and project objectives to 
be accomplished from the research study. The overall goal of the project was to increase 
community concern about sea level rise and prompt target audience members to take an active 
role in their community on climate change adaptation. The research component of the project 
tested the use of landscape visualization to gauge impacts on concern and engagement levels, 
along with correlations between age, concern and engagement. The landscape visualization 
process used 3D imagery loaded into two viewfinders, called OWLS, that depicted current and 
future sea-level rise scenarios along with two possible solutions for Coyote Beach recreational 
area. Findings indicate that landscape visualization increases concern levels in participants that 




statistically significant relationship between high concern levels and higher levels of engagement 
on the issue of climate adaptation. Lastly, data were collected to understand barriers to climate 
change engagement and adaptation and consider solutions that could overcome specific barriers 
identified. Using visual imagery along with meaningful dialogue allowed for a deep exploration 
of these barriers and solutions to be explored. Further research is needed to further test the 
application of landscape visualization along with meaningful dialogue on the issue of climate 
change in other locations, and to explore applicability in different settings and with different 
audiences. This dissertation is available in open access at AURA: Antioch University Repository 
and Archive, http://aura.antioch.edu/ and OhioLINK ETD Center, https://edt.ohiolink.edu
 Keywords: climate change adaptation, climate engagement, climate resilience, climate 
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Chapter 1: Introduction 
 
There is broad scientific consensus that climate change is occurring and is anthropogenic. 
However, there is limited engagement of the American public to ensure the creation of resilient 
local communities (Adger, Arnell, & Tompkins, 2005; Dovers, 2009; Glavovic & Smith, 2014; 
Moser & Ekstrom, 2010; Picketts, Déry, & Curry, 2014; Preston, Westaway, & Yuen, 2011; 
Tang, Brody, Quinn, Chang, & Wei, 2010). Communities that are considered climate leaders in 
the United States may have adopted climate change plans, yet few have actually implemented the 
policies, projects and recommendations in those plans. The Third U.S. National Climate 
Assessment (Melillo, Richmond, & Yohe, 2014) states that while there has been progress with 
adaptation planning, implementation of goals is lacking in the United States at all levels of 
government, creating an “Adaptation Deficit” (Burton, 2009). This is due in part to significant 
implementation barriers (social-psychological, physical, economic, and legal/political) municipal 
staff and decision makers face at the local level. Local climate resilience relies on community 
engagement and behaviors to ensure implementation of municipal climate resilience goals 
(Gifford, 2011; Weber & Stern, 2011). This type of engagement can span the spectrum of being 
aware of an issue, feeling concern or a sense of urgency on the issue, and/or taking action. 
Unfortunately, it has been shown that all three categories of public engagement with the issue of 
climate change are inadequate at the local level to ensure implementation (Gifford, 2011; Weber 
& Stern, 2011). While knowledge and concern about climate change is fairly widespread 
(Leiserowitz, Maibach, Roser-Renouf, Feinberg, & Rosenthal, 2015), awareness of possible 
solutions and the type of personal worry that creates a sense of urgency is still lacking (van der 
Linden, 2017). Engagement in terms of behavior changes and action are also insufficient for 




There is a myriad of preconditions associated with engagement and action on an issue 
(Gifford, 2011; Lorenzoni, Nicholson-Cole, & Whitmarsh, 2007; Moser and Ekstrom, 2010). 
The absence of efficacy and personal worry have a significant role in the shortage of community 
climate engagement and climate resilience (Bandura, 1977; Hornsey et al.2015; Leiserowitz, 
Maibach, Roser-Renouf, Feinberg, & Rosenthal, 2015; Milfont, 2012; van der Linden, 2015). 
Concern is an indicator of heightened risk perception (e.g., Leiserowitz et al., 2015; Linden, 
2017). Personal worry, one of three hierarchical levels of concern (which also include  
generalized concern, and perceived seriousness), is a more accurate precondition for engagement 
(van der Linden, 2017). Efficacy is the concept that a person has control (can be “effective”) in 
determining a positive outcome (Ajzen & Fishbein, 1980). The Extended Parallel Process Model 
(EPPM) indicates concern and efficacy need to be bundled together to prompt engagement 
(Witte, 1992).  
Landscape visualization could have positive impacts on community engagement for local 
climate resilience by activating higher levels of concern and efficacy. Landscape visualization is 
defined as 3D imagery representing actual places in the present and future timelines that look 
and feel “real” to the viewer (Sheppard, 2005). It is posited that this process will assist in 
overcoming many barriers associated with implementation of climate resilience goals. 
Communicating climate change through landscape visualization has been shown to impact risk 
perception and efficacy prompting engagement by community members (Scannell & Gifford 
2013; Sheppard, 2012). Research has indicated the significance of framing climate change as a 
local impact to increase saliency, instigate an effective response, along with showcasing the 




imagery that depicted possible solutions in the landscape visualization scenarios participants 
experienced.   
There have been numerous studies and projects in recent years that illustrate the effectiveness 
of using landscape visualization to increase efficacy 
and risk perception levels on issues of land use and 
sustainability (Al-Kodmany, 2002; King, et al., 1981; 
Levy, 1995). While there has been significant research 
regarding visualization and climate change (O’Neill & 
Nicholson-Cole, 2009; Schneider, 2012), few examples 
include a participatory dialogue process in conjunction 
with the visualization or in-situ 3D visuals. Stephen 
Sheppard (2012) suggests “4D visioning” can help 
motivate behavior change to achieve climate 
resilience. Sheppard defines 4D visioning as a 
participatory process that uses 3D visualization of 
future conditions for engagement through the use of 
current psychology and social marketing research, 
along with traditional community planning methods (2012). It is important to note Sheppard’s 
participatory process involves stakeholder’s meeting multiple times over a period of time to 
promote group decision making and active participation.  
The goal of the research was to explore the impact of landscape visualization on 
community engagement for local climate resilience. Sheppard’s conceptual framework, 
Community Awareness to Action (C2A) in Figure 1, suggests how seeing (accomplished through 
Figure 1. The Community Awareness to 
Action (C2A) Framework, represented as a 
simple flow-diagram incorporating both 
knowing and seeing as potential contributors 
to action on climate change. Graphic: J. 
Myers. Reproduced from “Visualizing 
Climate Change” (Sheppard, 2012). 




3D visualization) and knowing can lead to action on climate change. The C2A framework further 
expands “hearing” from a uni-directional transfer of information to include two-way social 
influences and discussions, and their effect on the participant. Deliberative dialogue, which can 
be utilized as part of a participatory process, is a method that allows for co-production of 
knowledge between residents, decision makers, experts, and other stakeholders (Barabas, 2004; 
Fishkin, 2009; Kahane, Loptson, Herriman, & Hardy, 2013; Moser & Berzonsky, 2015; 
Sheppard, 2012). There is evidence that along with increasing cognitive knowledge about an 
issue, participants also can change their opinions when confronted with this new information 
(Barabas, 2004; Fishkin, 2009). While there are many preconditions (e.g., awareness, concern, 
efficacy, knowledge) that have responsibility in enabling engagement, research suggests the lack 
of concern and efficacy may play a substantial role in the lack of engagement on the issue of 
climate change (Bandura, 1977; Hornsey et al., 2015; Leiserowitz, et al., 2015; Milfont, 2012; 
van der Linden, 2015). This research therefore further teases out the impact of landscape 
visualization on those specific preconditions, concern and efficacy, and how they might have a 
relationship with engagement. The following two research questions were studied in order to 
investigate the overall goal above: 
1. What is the impact of visual communication on engagement in a local climate change 
adaptation process? In particular, 
 
• How is concern impacted by the visualizations? 
• What are the correlations between age and concern, age and engagement, 
concern and engagement?  
 
2. How does visual communication, along with a meaningful dialogue process, impact 
engagement relating to climate resilience?  
 
• Did the process allow for a deeper exploration into barriers to engage in a 
civic process? If so, what are these barriers? What are the specific barriers 
related to efficacy?  




concern? What is the impact on self-efficacy? 
 
The first phase of this research was to undertake a literature review that demonstrated the 
potential for landscape visualization to impact risk perception and efficacy, prompting 
engagement by community members on climate change (Scannell & Gifford 2013; Sheppard, 
2012). This literature review is the focus of Chapter Two. The third chapter explores how 
landscape visualization and meaningful dialogue impact engagement for local climate resilience 
in an actual site project. Chapter Three seeks to further understand how landscape visualization 
impacts concern levels and if there are any correlations between concern, age, and engagement in 
the issue of sea level rise. Chapter Four, Turning Barriers into Enablers of Engagement, offers an 
in-depth look at what barriers exist and how they might be turned into solutions for advancing 
climate resilience at the local level. Taken in totality, this research has advanced the 
understanding of the impact of in situ visual communication and embedding the visuals within a 
participatory process on both risk perception and efficacy for engagement on climate resilience. 
Overall Approach 
The goal of this research was to explore the impact of landscape visualization and 
meaningful dialogue on engagement for local climate resilience.  A mixed methods approach 
was used to undertake this research study that tested the impact of using landscape visualization 
in an experiential setting in San Mateo County California. The site was chosen because of the 
efforts already underway in San Mateo County to plan and better prepare for climate change. In 
addition, San Mateo county will be one of the most impacted counties for sea-level rise in the 
state of California (Griggs et al., 2017). Demographics and specifics on the site are discussed in 
detail in Chapter Three, Landscape Visualization in San Mateo County: Influence on 




Since this research was part of a large project with the goal of creating positive change, 
the methodology incorporated many of the characteristics of action research. Action research 
(AR) does not have a specific definition but can be broadly conceptualized as bringing “together 
action and reflection, theory and practice, in participation with others, in pursuit of practical 
solutions to issues of pressing concern to people . . .” (Reason & Bradbury-Huang, 2008, p. 4).  
Reason and Bradbury-Huang further emphasize that while AR is not a methodology that can be 
strictly followed, there are general characteristics that describe the practice, which includes 
aspects of collaboration to define and address the problem while continually engaging in a spiral 
of planning, acting, knowing and reflection. Researchers have suggested successful preparation 
for climate change depends on collaboration between practitioners and scientists to co-produce 
useful knowledge (Buuren, Eshuis, & Vliet, 2014). Traditionally, the AR conceptual model aims 
to overcome power inequities among individuals and organizations through co-production of 
knowledge (Gaventa & Cornwall, 2006). Partners included in this project inherently embody 
characteristics of power based on their educational levels and organizational associations. 
Therefore, while this project incorporates many aspects of action research, it does not claim to 
represent a traditional AR process. While the research design did not adhere to all of the 
characteristics of AR, the project incorporated many aspects of stakeholder participation and 
collaboration in order to encourage positive change and further scientific knowledge. Attributes 
of AR were incorporated into: project site selection for data collection; creation of landscape 
visualizations (Appendix A) and survey questions (Appendix B); and selection of target 





The research objectives were best explored using a design that combined quantitative and 
qualitative approaches in order to fully understand the phenomena behind what fosters 
engagement for climate resilience within an individual. Using this type of mixed methodology 
allows for deeper exploration and insight into the research question versus utilizing a single 
method approach (Teddlie & Tashakkori, 2003; Creswell, 2007). The design adhered to an 
explanatory design consisting of a larger quantitative data collection strand followed by a smaller 
qualitative strand to help understand and explain the quantitative results. In addition to offering 
insight and explanations, the qualitative data also revealed emergent findings on specific barriers 
and solutions on engagement for climate resilience in San Mateo County, California. These were 
uncovered by analyzing and coding the focus group testimony that is presented in Chapter Four 
(Appendix C).  
Chapters Two, Three and Four explore different pieces of the research question to answer 
the overall goal of exploring the impact of landscape visualization on engagement for local 
climate resilience. Each article contains a preface to explain how they fit into the larger research 





Preface for Chapter Two 
 
As seen in the introduction, landscape visualization could impact factors that affect 
engagement such as feelings of concern and efficacy. The following chapter provides a review of 
the use of landscape visualization and application in fostering engagement for climate change 
issues. The purpose of Chapter Two is to present a literature review on what is meant by climate 
resilience, engagement, and the preconditions to effective engagement. In addition, the chapter 
further seeks to understand how landscape visualization has been used to increase engagement 
and offers a critique of its effectiveness along with areas for future research. Chapter Two 
provides a foundation for the structuring and implementation of the research design in San Mateo 
County. Insights learned from the following literature review provided the information necessary 














Chapter 2: A Literature Review on the Use of Landscape Visualization to Increase 









There is broad scientific consensus that climate change is occurring and is anthropogenic. 
However, there is limited engagement of the American public to ensure the creation of resilient 
local communities. This article provides a review of the use of landscape visualization and 
application in fostering public engagement for climate change issues. First, this article will 
clarify the differences between climate adaptation and resilience at the local level, followed by a 
discussion on relevant barriers of engagement. In addition, the research will discuss the 
preconditions for engagement, specifically concern and efficacy, and explore how landscape 
visualization fosters these enablers for engagement. Lastly, the article will outline the limitations 
and ethical considerations of landscape visualization for climate change engagement and 








While there is broad scientific consensus that climate change is occurring and is 
anthropogenic, there is limited implementation of climate adaptation to help create resilient local 
communities (Adger, Arnell, & Tompkins, 2005; Dovers, 2009; Glavovic & Smith, 2014; Moser 
& Ekstrom, 2010; Picketts, Déry, & Curry, 2014; Preston, Westaway, & Yuen, 2011; Tang, 
Brody, Quinn, Chang, & Wei, 2010). Communities that are considered climate leaders in the 
United States may have adopted climate change plans, yet few have actually implemented the 
policies, projects and recommendations in those plans. The Third U.S. National Climate 
Assessment (Melillo, Richmond, & Yohe, 2014) states that while there has been progress with 
adaptation planning, implementation of measures is lacking in the United States at all levels of 
government. This is due, in part, to the significant implementation barriers (social-psychological, 
physical, economic, and legal/political) that municipal staff and decision makers face at the local 
level.  
In order to overcome many of these barriers at the local level, engagement is needed to 
support municipal action on implementing their climate mitigation and adaptation goals (Gifford, 
2011; Weber & Stern, 2011). This type of engagement can span the spectrum of being aware of 
an issue, feeling concerned or a sense of urgency on the issue, and/or taking action. 
Unfortunately, engagement with the issue of climate change is limited at the local level (Gifford, 
2011; Weber & Stern, 2011). Communicating climate change through landscape visualization 
has been shown to impact risk perception and efficacy prompting engagement by community 
members (Scannell & Gifford 2013; Sheppard, 2012). Landscape visualization is defined as 3D 
imagery representing actual places in the present and future timelines that look and feel “real” to 




efficacy) and how a certain types of landscape visualization have the potential to overcome 
barriers for engagement on climate resilience.     
What is Climate Resilience? 
  The local level has been considered the scale where climate mitigation, adaptation and 
resilience can have the most impact (Carmin et al., 2013; Hansen et al., 2013; Sheppard, 2012). 
Climate adaptation has been defined by the Intergovernmental Panel on Climate Change (IPCC) 
in the Fifth Assessment Report as “The process of adjustment to actual or expected climate and 
its effects” (IPCC, 2014b, p. 1758). The IPCC defines climate resilience as:  
the capacity of social, economic, and environmental systems to cope with a hazardous 
event or trend or disturbance, responding or reorganizing in ways that maintain their 
essential function, identity, and structure, while also maintaining the capacity for 
adaptation, learning, and transformation. (IPCC, 2014b, p. 1772)  
A recent literature review on how the term “adaptation” is being used suggests significant 
differences in how it is framed and understood with a need for further peer reviewed research on 
whether to use the term “adaptation,” “resilience” or alternative language (Moser, 2014).  Many 
practitioners at the local level have used the terms “climate adaptation” and “climate resilience” 
interchangeably. However, there are important distinctions between the two which need to be 
reflected in the local decision-making discourse. Climate adaptation is one option of achieving 
climate resilience.  
The concept of resilience has appeared in various discourses, and since Holling (1973), 
has had a substantial impact in the ecological field. There have been distinctions made between 
the uses of resilience in engineering, psychology, economics, disaster risk management, 




Mehmood, 2013; Folke et al., 2010; McEvoy, Fünfgeld, & Bosomworth, 2013; Nelson, Adger, 
& Brown, 2007; Pendall, Foster, & Cowell, 2010). Many municipal decision makers tend to 
think of climate change preparedness as engineering resilience (Davoudi et al., 2013). They 
strive to return to or “bounce back” to what the community looked like and how it functioned 
prior to a disaster (Davoudi et al., 2013). This prior state may have included social injustice, 
inadequate public infrastructure and housing, other hazard vulnerability, and a weak local 
economy (Glavovic & Smith, 2014). Therefore, it is important to recognize the aspects of 
resilience that involve “transformative socio-political change” (Davoudi et al., 2013; Glavovic & 
Smith, 2014; McEvoy et al., 2013). In application, this translates to planning for an alternate 
future state that improves a specific social system. For example, instead of expanding existing 
drainage systems in a public housing complex, increased green space could be installed for storm 
water retention that also increases psychological well-being (Wolch, Byrne, & Newell, 2014). 
In addition, resilience needs to incorporate both the spatial and temporal scales to be 
successful and not result in mal-adaptive solutions (Adger et al., 2005; Glavovic & Smith, 2014). 
This paper will utilize the socio-ecological definition of resilience: “resilience is not conceived 
of as a return to normality, but rather as the ability of complex socio-ecological systems to 
change, adapt, and, crucially, transform in response to stresses and strains” (Davoudi et al., 2013, 
p. 309). 
Public Engagement for Climate Resilience 
Public engagement is necessary to overcome many of the barriers to implement local 
climate resilience (Lorenzoni et al., 2007). Engagement is a broad term that is often a precursor 
toward a specific action or behavior. Lorenzoni et al. (2007) define engagement in the climate 




be displayed emotionally, cognitively, and/or through behavior. To effectively engage the public 
on implementation of climate action, individuals need to become “cognitively, emotionally, 
behaviorally, professionally, socially, spiritually, civically and/or politically involved and vested 
in the issues” (Moser & Pike, 2015, p. 112). These elements do not need to occur in a linear 
progression. For example, an individual may display a specific civic behavior, such as supporting 
a zoning ordinance that limits development in flood prone areas, before feeling that climate 
change is an urgent issue (Bem, 1967). In addition, a community member could be very active in 
one of these elements and have a passive role in another (Whitmarsh, O’Neill, & Lorenzoni, 
2013). For example, an individual may have knowledge and awareness of solutions they would 
support their community implementing; however, they might not take an active role in voting or 
supporting a specific federal policy that would increase climate resilience. While there are 
numerous definitions of engagement across disciplines, this paper refers to engagement that 
results in social mobilization as defined by Sheppard et al. (2015), as “engagement and 
motivation of the public and multiple stakeholders to implement climate solutions, through social 
learning, social movements, behaviour change, community action, and policy change” (p. 5). 
This includes the three general areas of engagement Lorenzoni et al. (year) discussed—cognitive, 
affect, and behavior—and how they contribute specifically to collective versus individual action 
on climate resilience. This could include, for example, increasing awareness and knowledge of 
possible solutions a municipality could implement, creating a sense of urgency among 
community members to address this issue, and/or prompting individuals to become active 
members in a climate planning process to implement a policy, plan or project. 
In order to successfully engage the public on climate change, it is important to understand 




& O’Connor, 1998). There are multiple preconditions listed in the literature that are found to 
catalyze engagement for climate resilience, which can act as drivers for engagement, or when 
absent, can be significant engagement barriers. The next section will discuss the preconditions 
that appear to set the stage for an individual engaging or not becoming personally connected to 
the issue of climate resilience. 
Preconditions for Engagement: Transforming Barriers to Enablers of Action 
The preconditions for an individual to engage in climate resilience range from individual 
to societal levels (Whitmarsh et al., 2013). At the individual level, these can include people’s 
emotions, feelings, attitudes, beliefs, identities, knowledge, worldviews and values, efficacy, 
mental models, habits & routines, and social and cultural context (Gifford, 2011; Lorenzoni et 
al., 2007; Moser and Ekstrom, 2010; Whitmarsh et al., 2013). Societal preconditions relate to 
economic, political, governmental, and structural policies, social norms, along with specific 
regulations that can encourage or discourage engagement (Gifford, 2011; Moser & Ekstrom, 
2010). When absent, insufficient, or contradictory, all of the preconditions above can also be 
considered barriers toward engaging in a civil process on climate change. Recent research 
(Burch, 2010) has begun to focus specifically how to transform barriers into enablers of climate 
action; for example, increasing low to moderate concern (barrier) about the issue to a heightened 
sense of personal worry (enabler) engages an individual on the issue emotionally (van der 
Linden, 2017).  
While all the preconditions have a role in enabling engagement, research suggests the 
absence of concern and efficacy among the American public may have a substantial role in the 
lack of engagement on the issue of climate change (Bandura, 1977; Hornsey et al., 2015; 




Linden, 2015). Across the literature, concern is often used as an indicator or a result of 
heightened risk perception (e.g., Leiserowitz et al., 2015; Linden, 2017). Individual risk 
perception is an internal assessment an individual makes on how likely something negative will 
happen (Slovic, 1987). In addition, concern has been further researched on different levels of 
intensity and how each level might act as an enabler or barrier for engagement (Linden, 2017). 
Efficacy is the concept that a person has control (can be “effective”) in determining a positive 
outcome (Ajzen & Fishbein, 1980). Research has indicated these two preconditions need to be 
bundled together in order to be beneficial for prompting engagement. For example, the Extended 
Parallel Process Model (EPPM) suggests communication of risk assessment  needs to be 
accompanied with individual self-efficacy in order to be effective or it can backfire (Witte, 
1992). Self-efficacy should be communicated as a way an individual can have a role in 
generating positive solutions for climate change. The following subsection discusses the role of 
these two critical preconditions.  
Concern. Originally researchers proposed risk perception was a result of individuals 
processing information and assessing risk in a rational manner (e.g., Slovic, 1987). Paul Slovic’s 
(1987) seminal article on risk, The Perception of Risk, suggested a psychological approach to 
examining risk based on how biases and heuristics play a role in risk perception. Factors such as 
control, uncertainty and the unknown, along with possible catastrophic fatal consequence 
determine how concerned an individual might be of a situation . Therefore, concern is not just a 
scientific assessment instead it is a type of judgment and mental construct of the human mind 
(Slovic, 1987; van der Linden, 2015). A new theoretical framework proposed by van der Linden, 
the Climate Change Risk Perception Model (CCRPM) on climate change risk perception, is able 




suggests that risk perception is predicted by cognitive factors, experiential processing, and socio-
cultural influences, while controlling for socio demographics. In van der Linden’s recent study to 
test the CCRPM, overall affect, how people feel about climate change, was the most important 
predictor of personal and societal risk perceptions. 
Recent surveying has indicated people have knowledge on climate change (Leiserowitz et 
al., 2015); however, it is salient knowledge (understanding of the associated consequences to the 
individual) that is necessary to heighten concern levels (van der Linden, 2015). While 
communities can take certain actions outside of local government operations (e.g., education, 
individual actions in their homes, and transportation choices), regulations, financing, and other 
policies need to be implemented at the local level to ensure climate resilience. For example, 
zoning and building ordinances can restrict floodplain development, and financing options can 
be created for neighborhoods to install distributed renewable energy systems. However, 
community members must perceive risks and dangers of climate change that will affect 
themselves, their family, or their neighborhood (relevance) in order to prioritize local 
government action (Leiserowitz, 2005). Specifically, while Americans are generally concerned 
about climate change, there exists a risk perception paradox where they do not feel urgency 
about the issue (Leiserowitz, 2006). This is showcased in a recent Yale survey that indicated 
only 16% of individuals feel climate change will impact them personally (Leiserowitz et al., 
2015). This psychological distancing points to the significance of communicating risk that is 
personally relevant to bridge the disassociation between concern and engagement (Spence, 
Poortinga, & Pidgeon, 2012).  In addition, van der Linden’s (2017) “Hierarchy of Concern” 




and perceived seriousness. The model suggests personal worry is a more accurate precondition 
for engagement. 
Efficacy. As stated above, efficacy is the concept that a person has control in determining 
a positive outcome (Ajzen & Fishbein, 1980). Perceived efficacy is an important driver of 
engagement (Bamberg & Moser, 2007; Bamberg, Rees, & Seebauer, 2015). Research has 
indicated perceived control over a positive outcome for climate change impacts concern and 
motivation to act on the issue (Aitken, Chapman, & McClure, 2011). Bandura (1977) describes 
four types of efficacy: self-efficacy is the belief that one is capable of taking action; outcome 
(response) efficacy is the belief that the action will make a difference; collective efficacy refers 
to people’s shared beliefs in their ability to produce desired results when working together; and 
self-efficacy of cooperation refers to the belief that one’s cooperative behavior has a significant 
effect on the outcome of a large group. It is important to understand the integral role efficacy has 
when it comes to communicating risk and engendering feelings of concern (Hornsey et al., 2015; 
van der Linden, 2015). If an individual does not feel they have efficacy in solving a problem they 
tend to disengage from the issue (Bandura, 1977). This can lead to “paralysis of action” since 
climate impacts without possible solutions can evoke feelings of fear and anxiety in an individual 
(Hart & Feldman, 2014). In addition, individuals need to know how to deal with a problem 
through specific solutions that are available (Milfont, 2012). However, decision makers trying to 
build engagement around the issue tend to focus on system knowledge (Milfont, 2012) which 
focuses on increasing public understanding of the actual climate system. In fact, Milfont’s study 
concluded an important finding, that while knowledge might influence concern, it does not 
directly influence efficacy levels. When all three variables were examined together (knowledge, 




Practitioners should consider strategies and methods that transform the multiple barriers 
into enablers for individuals to engage on the issue of climate change. Instead of disseminating 
and communicating information in a traditional format, successful strategies include utilizing 
visual imagery such as landscape visualization to prompt community engagement on climate 
change (Scannell & Gifford 2013; Sheppard, 2012). This type of visualization can communicate 
impacts and solicit solutions through the integration of science and intuition (Sheppard, 2005). 
Community members do not need to hold a science degree to digest and understand the impacts 
and solutions. These types of visual imagery give the opportunity to showcase existing and 
projected risks followed by scenarios of possible outcomes and solutions to the impacts. The 
remainder of this paper will explore how landscape visualization can simultaneously impact 
concern levels and efficacy to create a pathway for community engagement.  
Landscape Visualization: Is it the Missing Link for Engagement? 
There have been numerous studies and projects in recent years that illustrate the 
effectiveness of using different types of visual imagery to increase engagement on issues of land 
use, sustainability, and climate change (Al-Kodmany, 2002; King, Conley, Latimer, & Ferrari, 
1989; Levy, 1995, O’Neill & Nicholson-Cole, 2009; Schneider, 2012). This visual imagery has 
been utilized throughout history to frame issues and engage specific audiences. Historically, 
science information has been communicated through impersonal graphs, charts, 3D computer 
models, numbers and figures (Sheppard, 2012). These types of visual communication methods 
have been used to convey information on the causes, impacts and solutions to climate change. 
However, these types of methods tend to emphasize global versus regional or local effects and 
present the information in a form that is abstract and often inaccessible to the average citizen 




interprets the information (Sheppard, 2012): specific types of imagery can translate complex 
information into a digestible format for the general public, convey simple strong messages, cut 
across the barriers between different languages and cultures, and significantly increase memory 
recall (Nicholson-Cole, 2005; Sheppard, 2012).  
In recent history, municipal and regional planners have begun using innovative visual 
imagery methods to engage stakeholders in community visioning and planning processes. Instead 
of relying on graphs, charts, and maps alone, many municipal planners incorporate landscape 
visualization to represent actual places in an accessible local format for people to process and 
interpret. Planners use this tool to communicate land use change, impact assessments, 
redevelopment projects, along with overall growth and development of a community. Since the 
1990s, advances in software programs, such as GIS, CAD, Community Viz and other platforms, 
have allowed for significant enhancement of landscape visualization. These technologies, along 
with free virtual globe software (Google Earth, for example) have allowed for 3D real time 
display depicting specific and recognizable buildings, places, and points of interest that are of 
local interest to participants (Lovett, Appleton, Warren-Kretzschmar, & Von Haaren, n.d.).  
Research has indicated concern for climate change is higher with lower psychological 
distance (Spence et. al., 2012). Psychological distance refers to an object that is “is remote in 
time, or in space; refers to experiences of others; and unlikely to occur” (Liberman & Trope, 
2008, p. 1201). Construal Level Theory, developed by Liberman and Trope, would suggest that 
an individual’s mental model of climate impacts would be directly linked to how psychologically 
distant the individual perceives those impacts to be (Spence, et. al., 2012). Therefore, by framing 
climate impacts and solutions as a local impact, which can be accomplished through landscape 




and communities where the individuals live (Reser, Morrissey, & Ellul, 2011). These places are 
personally relevant to individuals and promote positive emotional connectedness (Reser et al., 
2011, p. 30). In addition, place-attachment appears to play a significant role in fostering climate 
change engagement (Scannell & Gifford, 2013). Place-attachment refers to “the formation of 
emotional and cognitive bonds with a particular place” (Scannell & Gifford, 2013, p. 66). 
Landscape visualization can depict local and personally relevant images that foster place-
attachment and reduce the psychological distancing that can occur with global imagery.  
By focusing on the local with landscape visualization, there is opportunity to 
concurrently facilitate a participatory process with a specific community to engage individuals 
on the topic of climate resilience (Sheppard, 2015). There is evidence that landscape 
visualization coupled with a participatory process can lead to implementation of community 
planning goals by producing meaningful conversation among decision-makers and other 
stakeholders (Sheppard & Cizek, 2009; Sheppard, 2012).  
Integrating Dialogue into Landscape Visualization 
Participatory processes that include dialogue have been used successfully to engage the 
public in land use planning and other social issues (Carson & Hartz-Karp, 2005; Kahane, 
Loptson, Herriman, & Hardy, 2013; Patel, Kok, & Rothman, 2007). One approach, deliberative 
dialogue, allows for co-production of knowledge between residents, decision makers, experts, 
and other stakeholders (Barabas, 2004; Fishkin, 2009; Kahane et al., 2013; Moser & Berzonsky, 
2015; Sheppard, 2012). Deliberation has been defined as “open dialogue, access to information, 
space to understand and reframe issues, respect, and movement toward consensus” (Hartz-Karp, 
2005, p. 4). The objective of deliberative dialogue is not to talk together but to think together 




itself to fostering an outcome of meaningful solutions through shared values (McCoy & Scully, 
2002). The Reasonable Person Model suggests participation is at the core of fostering a person’s 
need to make a difference, be needed, and can elevate self-efficacy (Kaplan & Kaplan, 2011). In 
addition, there is evidence that along with increasing cognitive knowledge about an issue, 
participants also can change their opinions and attitudes when confronted with this new 
information (Barabas, 2004; Fishkin, 2009; Sheppard, Shaw, Flanders, Burch, & Schroth, 2013). 
Incorporating meaningful dialogue into an engagement strategy can be formatted to 
accommodate hundreds of people to small groups of individuals that can range in duration from 
a few hours to a multi-day event. In the climate and planning fields, dialogue has been used by 
grassroots organizations to discuss issues involving political polarization, to influence state, 
national, and international policy in large scale gatherings, and to advise local governments in 
smaller events (Carson & Hartz-Karp, 2005; Kahane et al., 2013; Moser & Berzonsky, 2015;). In 
addition, dialogue has been used by governments as the conveners in order to co-produce 
knowledge, advice or recommendations that contribute to program, policy and regulations for a 
community (Kahane et al., 2013). Embedding dialogue into a landscape visualization community 
process could elevate concern while ensuring individuals have the opportunity to discuss and co-
produce positive solutions to create local climate resilience. Stephen Sheppard’s Community 
Awareness to Action Framework (C2A) below suggests how dialogue and visualization could 




Community Awareness to Action (C2A) Framework 
Sheppard’s conceptual framework, Community Awareness to Action (C2A) in Figure 1, 
suggests how seeing (accomplished through visualization) and hearing (dialogue) can lead to 
action on climate change. It is important to note 
Sheppard refers to hearing as a one-way concept, where 
an individual learns about climate change and possible 
solutions through hearing about them. For this research, 
hearing is expanded to incorporate a two-way type of 
dialogue that includes meaningful conversation about 
an issue. This more accurately relates to a more 
complete version of the C2A Framework Sheppard 
presents (Sheppard, 2012, p. 85) that illustrates the 
interrelationships between stages leading to action and 
adds the key influence social norms have on an 
individual. The type of hearing being envisioned in this 
research might fit better in the social norm category 
since it refers to an exchange of information that also 
results in changes in attitudes and perceptions. Sheppard (2012) suggests ‘seeing’ prompts an 
individual to ‘care’ about the issue resulting in behavior change to achieve climate resilience. 
Landscape visualization can relate climate change impacts to an individual’s “sense of identity, 
security, and responsibility” (Sheppard, 2015, p. 98). Tapping into and communicating from the 
perspective of these basic human values have significant potential to engage the public to action 
on climate change (Corner, Markowitz, & Pidgeon, 2014). By integrating landscape visualization 
Figure 1. The Community Awareness to 
Action (C2A) Framework, represented as a 
simple flow-diagram incorporating both 
knowing and seeing as potential contributors 
to action on climate change. Graphic: J. 
Myers. Reproduced from ‘Visualizing 
Climate Change’ (Sheppard, 2012). 




into a more effective community participatory planning process, progress could be made in the 
implementation of local climate resilience.  
The intentional integration of visualization with participatory planning process has 
morphed into what Sheppard refers to as 4D Visualization. One important characteristic of 4D 
Visualization is the focus on a local venue that includes possible future scenario outcomes and 
solutions. By changing the common global imagery associated with climate change and focusing 
on a local venue, preconditions for engagement, such as increasing personal worry while 
increasing efficacy are increased (Scannell & Gifford, 2013; Sheppard, 2012). Another critical 
element of 4D Visualization is the emphasis on two-way dialogue versus a one-way transfer of 
information. Hearing about information in a meaningful dialogue structure results in awareness 
about the issue and can even produce an emotional response that engages an individual 
cognitively and emotionally (McCoy & Scully, 2002; Moser & Berzonsky, 2015; Sheppard, 
2012). Research suggests visualization alone, needs to be accompanied by a type of participatory 
process that includes dialogue in order to be effective (Lewis, 2012; Pond et al., 2010). 
The following attributes are suggested to be included in a landscape visualization process 
that includes dialogue. The attributes are each listed below with a short description on how they 
each can motivate engagement by increasing self-efficacy and concern prompting action 
(Nicholson-Cole, 2005; Sheppard, 2005; Spence et al., 2012; van der Linden, 2015; Weber & 
Stern, 2011): 
Realism: By showcasing the signs of climate change in pictures and video of real or 
familiar landscapes, participants can see for example how cumulative actions generating 
invisible GHG emissions at the individual level create larger impacts. This increases individual 




Immediacy: Visuals need to be temporally immediate to avoid psychological distancing. 
A literature review on risk perception suggests individuals need to feel the issue is having an 
impact now, so they do not prioritize it lower than other immediate issues, such as jobs and 
healthcare.  
Personally relevant environments: This fosters relatability for participants by using local 
scenes or neighborhoods. Using images community members relate to (place attachment) can 
elicit emotional responses from viewers. This affective response from the personally relevant 
images can have an impact on concern and feelings of personal worry. 
Contain images of people, animals, and/or symbolic objects: It is important to tailor the 
images specifically to the audience so they are personally relevant, emotionally engaging, and 
understandable images for the viewers. These images can help achieve the attributes listed 
above. 
Demonstrate possible or projected future consequences: This allows for participants to 
see a direct response or outcome based on choices made today. It also can create the space for 
community members to use the scenarios to talk about shared values and the pros and cons about 
each possible scenario. By showcasing possible positive scenarios, individuals could feel 
efficacy about the future outcome without being tempted to disengage from the issue due to lack 
of hope. In addition, dialogue concerning the visual experience could further elevate feelings of 
hope and efficacy on the issue of climate change. 
 In addition to these attributes listed above, Sheppard’s (2005) visualization Code of 
Ethics suggest a list if criteria related to accuracy, representativeness, legitimacy, visual clarity, 
interest, and accessibility need to be addressed. The next section of this article will explore 




effectively engage the public on climate change issues. In addition, each example will be 
examined on the impacts to concern and efficacy through the process.    
Examples of Landscape Visualization 
 The following examples, as summarized in Table 1, located in Marin County, California, 
British Columbia, Alberta, and Australia, showcase the applicability of landscape visualization 






Table 1.  
 
Summary of examples of landscape visualization and climate change  
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While there are more case studies of visualization and dialogue in the overall community 
planning field, examples that include evaluation related to climate mitigation, adaptation and 
resilience are limited. As a result, this paper has included examples of energy use even though 
they are indirectly related to climate adaptation and resilience. The discussion that follows the 
examples will explore whether the use of visualization and dialogue had immediate impacts on 
the three main areas of community engagement: cognition, affect, and/or behavior. In particular, 
the discussion will examine impacts to concern and efficacy levels, based on the Extended 
Parallel Process Model mentioned earlier, which suggests any communication eliciting concern 
should be accompanied with communication on efficacy to be effective (Witte, 1992). Dialogue 
is defined here ranging from meaningful conversation to more superficial dialogue between 
participants involved.   
Greenest City Conversation Project. The Greenest City Conversation Project (GCC) in 
Vancouver, British Columbia, used multiple avenues on how to engage residents on the topic of 
sustainability. This paper will focus on the neighborhood workshops that were created in the 
towns of Marpole and Grand View Woodlands that discussed possible energy futures in those 
neighborhoods. The energy workshops utilized 3D visualizations and maps of a generic 
neighborhood to showcase possible energy futures along with a participatory process to discuss 
the future alternatives among residents that attended the workshops. While overall knowledge of 
energy systems in Vancouver was low, pre and post surveying indicated a significant mean 
knowledge increase after participation in the workshops (Sheppard, Iype, Colte, & Salter, 2015). 
Findings indicate the workshop participants made a connection between possible energy futures 
and how that would impact what they valued about their communities (Sheppard et al., 2015).  




immediacy and local character, contained images of people, and demonstrated future 
consequences with the incorporation of discussion and dialogue on the possible options. Two key 
characteristics absent from the workshop were specific photographs of the actual communities 
and strong narratives associated with each scenario, though participants used a map-based game 
to co-create desired future scenarios. The GCC project specifically used a generic neighborhood 
to test out the use of a “familiar but not place specific environment” to create a “safe” place to 
experiment and avoid resistance from threatened homeowners (Sheppard et al., 2015). Survey 
results from participants indicate the neighborhood visualizations were the most useful media 
used throughout the workshops (Salter, 2015). These workshops suggest the significance 
visualization and dialogue can have on engagement, specifically increasing knowledge and 
overcoming a lack of concern (Sheppard, 2012). However, it is important to note it is unclear if 
there would be different findings from the project if they used specific neighborhoods from the 
two communities.   
Climate Change and the Public Sphere in Canberra and Goulbourn. Another 
interesting example on the use of dialogue and/or visualization related to climate change issues 
took place as part of the Australian Research Council’s research project on Climate Change and 
the Public Sphere in Canberra and Goulburn. This research project consisted of exposing 
participants to climate change scenarios and further comparing the findings to a subset of 
participants. The scenarios were presented as maps, graphs, and bullet points. The changes based 
on emissions scenarios were animated into future time spans to highlight changes occurring. 
After the scenario exposure, participants were interviewed and surveyed about their experience, 
attitudes, and preferences on policy changes. The subset of participants consisted of two groups. 




participate in the event. Both groups of subset participants were interviewed. Results from the 
first set of interviews and surveys from participants after being exposed to the scenarios reported 
less skepticism and an increased desire for action. However, in the follow-up interviews (less 
than a year later) of the two groups (one with dialogue and one without), it was only the 
participants involved in the dialogue process that resulted in a sustained impact on attitudes 
(Hobson & Niemeyer, 2011). It is important to note, the scenarios presented to the original 
participants were not 3D visualizations as defined by Sheppard (year). While this example adds 
justification to the use of meaningful dialogue to increase efficacy and motivation to act (Hobson 
& Niemeyer, 2011), it did not include the attributes listed in the section above (realism, 
immediacy, personally relevant environments, images of people, animals, and symbolic objects) 
recommended to increase concern and motivate engagement on the issue.  
Citizens’ Panel on Edmonton’s Energy and Climate Challenges. The Citizens’ Panel 
on Edmonton’s (Canada) Energy and Climate Challenges (56 participants) did not employ 3D 
visualization but relied heavily on a dialogue process. I included this example to tease out 
strengths and weaknesses of the application of meaningful dialogue minus the integration of 3D 
visualizations. This panel was selected for demographic and attitude diversity in order to 
understand and discuss climate and energy options the city of Edmonton was considering for 
adoption. The event was structured to be a deliberative mini-public session with the goal of 
influencing policy the city would pursue on the issue of energy and climate. The Panel concluded 
(92%) that Edmonton should adopt policies to become a low carbon city by the year 2050. The 
Edmonton city council unanimously passed the Energy Transition Strategy that incorporated the 
Panel’s recommendations in April 2015. However, it is important to note the panel began 




explored recommendations for becoming a low carbon city. Based on the timing of the dialogue 
and development of the plan, it is not clear whether the document might have been significantly 
different if the Panel created the document from scratch or was not involved at all in the process 
(Kahane & MacKinnon, 2015). The overall process indicated participants felt empowered,’ 
thereby fostering efficacy through the dialogue process (Kahane & MacKinnon, 2015).  Leon 
Milner, a Citizen Panelist, stated, “I feel like I was able to help make a difference, and that my 
input was valued all the way to the top” (City of Edmonton, 2015, p. 2). However, there was no 
aspect of impacting concern levels involved in the process. Follow-up surveying could explore 
post concern levels of participants to determine the priority of implementing the plan due to the 
process in which the participants were involved. It remains to be seen whether the adopted 
strategy will influence city actions on spending, regulations, and other policies that would need 
to be enacted to ensure a low carbon city by 2050.  
Kimberley Climate Adaptation Project (KCAP). The Kimberley Climate Adaptation 
Project (KCAP) in British Columbia was a community-led initiative to increase awareness, 
concern, and planning for local climate change impacts. The project culminated in an adaptation 
plan for the City of Kimberley. The visual communication formats included posters, a 
PowerPoint presentation with dialogue, and a virtual globe station. The content across the 
formats was based on the same landscape visualizations and geospatial data, and addressed the 
same impacts. However, only the virtual globe contained 3D images. Questionnaires and 
interviews were conducted to determine impacts to concern, awareness, knowledge, and 
preference of each visual media type. In addition, a longitudinal analysis was conducted to 
determine any lasting change as a result of the process. Although incoming concern levels were 




increased significantly with the various visual media (Scroth, Pond, & Sheppard, 2015). In 
addition, the research indicated increased awareness and knowledge, along with longitudinal 
impacts such as implementation of policies and climate mitigation and adaptation projects 
(Schroth, Pond, & Sheppard, 2015).  
Local Climate Change Visioning Process (LCCV). The Local Climate Change 
Visioning Process, coordinated by the Collaborative for Advanced Landscape Planning (CALP) 
at the University of British Columbia, seeks to develop new approaches to bridge the gap 
between climate science and engagement at the local level through the use of visualizations of 
future climate scenarios at the neighborhood scale. The most current research evaluates five 
different case studies on the use of 4D Visualization that occurred throughout Canada through 
the LCCV structure at either the local or regional level. This paper will focus on the first two 
examples that occurred in Metro Vancouver, consisting of two distinct phases. The first phase 
entailed developing four alternative future climate scenarios at the local level using 3D 
visualization. The second phase tested the scenarios on local policy makers and members of the 
public. The 3D visualizations were created with a diverse working group, which extended the 
participatory process into the formation period prior to exposing the scenarios to the larger 
public. This ensured the visualizations would focus on impacts and vulnerabilities that were 
relevant to the larger audience. The four scenarios were labeled: Do Nothing, Adapt to Risk, 
Efficient Development, and Deep Sustainability. In the Adapt to Risk scenario no mitigation is 
implemented with only adaptive engineering employed to deal with impacts. In the Efficient 
Development scenario mitigation and adaptation are implemented with a reduction in the rate of 
carbon emissions. Finally, the Deep Sustainability scenario depicts both mitigation and 




All four scenarios project conditions with the different circumstances out to the year 2100. The 
project also included a control group of Delta residents that were exposed to the participatory 
process without the 3D visualization. At the end of the projects, evaluations were conducted to 
determine changes in attitudes and knowledge from participation along with opinions on the 
overall experience. Results indicated professionals reported substantial increased urgency after 
viewing the visualizations (Sheppard et al., 2013).  In addition, there was an increase in the 
public’s awareness of impacts, response options available to communities, and a significant 
increase in efficacy that action taken now could reduce impacts in the future (Sheppard et al., 
2013). A participant of the process remarked, “I learned how climate change could affect my 
community in a very graphic way. Numbers may not stay with me but visuals will” (Sheppard et 
al., 2013, p. 131). Both examples utilized attributes of realism, people, places and objects, 
personally relevant environments, and demonstrated future consequences. However, the 
visualizations did not focus on immediate impacts and outcomes1.  Visuals need to be immediate 
to increase urgency levels and avoid the tendency for people to discount the future (Sheppard, 
2005). Further research could include measuring impacts on concern and urgency levels after 
exposure to visuals that represent a shorter time frame. In addition, the control group and the 
participants exposed to 3D visualization both resulted in similar increases of awareness of 
impacts, response options available to communities, efficacy that action taken now could reduce 
impacts, and concern levels. However, engagement along with interest levels, and support for 
mitigation and adaptation policies were stronger for those exposed to the 3D visualizations 
(Sheppard et al., 2013). With further testing and research, this may justify the usage of 
                                               
1 Some supplemental visualizations were created for intermediate periods of 2020 and 2050, as 




combining 3D visualization and a participatory process to increase engagement on local climate 
resilience.  
Marin County, California (Here Now Us). The 2015 visioning process in Marin 
County, California, coordinated by Climate Access included partners from Marin County, FEMA 
Region IX, OWLIZED, Autodesk, NOAA, San Francisco Bay National Estuarine Research 
Reserve, Susanne Moser Research and Consulting, and Antioch University. The results of the 
Marin County project indicated landscape visualization had a significant impact on increasing 
public concern about sea level rise and was correlated with engagement level on the issue 
(Moser, Daniels, Pike, & Huva, 2016). The project relied on the installation of two in situ 
viewers, called OWLS, that a user could look through and see 3D visualizations of projected 
flooding and sea level rise associated with climate change along with possible response options  
Two OWLS were installed in May 2015, and 3,705 surveys were collected and analyzed 
from the OWLS between June and September 2015. The OWLS were placed along the Mill 
Valley-Sausalito-Multi-Use path along a major thoroughfare. From the location an individual 
could see a high school across the street and a middle school, senior living apartments, dog 





parks, and a distant playground. The OWLS were loaded with survey questions to collect data in 
between the selected visualizations. The questions collected data on concern changes, solution 
preference based on the visualizations, intent to engage and become involved with the issue in 
their community, and age range. Findings indicated slight overall increase in concern among 
users of the OWLS with a significant increase among participants (75%) with low to no existing 
concern about sea-level rise (Moser et al., 2016).  
During the timeframe the OWLS were installed, a community dialogue event took place 
with over 100 individuals from Marin County to talk about sea-level rise and possible solutions 
for the county to pursue. Participation was voluntary and individuals attended based on self-
selection upon hearing about the event. The dialogue event lasted over three hours, and 51 
participants completed an exit survey to evaluate the effectiveness of the process and gauge 
community member concern levels along with intent to engage further in the process. The 
majority of participants (88%) indicated they learned something new from the dialogue with half 
of them indicating they learned the information from co-participants versus the presenters (30%) 
or facilitators (20%; Moser, et al., 2016).   
All of the examples above contain various attributes suggested to be included in effective 
landscape visualization (Nicholson-Cole, 2005; Sheppard, 2005; Spence et al., 2012; van der 
Linden, 2015; Weber & Stern, 2011). However, only one of the examples included all five 
attributes recommended for creating a landscape visualization process. It is clear further research 
needs to be explored and conducted using landscape visualization with a participatory dialogue 
embedded process related to climate change resilience to investigate impacts to engagement. The 
following section will discuss the significance of using a form of visualization with dialogue to 




landscape visualization have on engagement preconditions such as concern and efficacy. It will 
also include a discussion on the limitations and ethical considerations of landscape visualization 
with dialogue.  
Discussion 
Sheppard’s attributes for inclusion in landscape visualization contribute to his model on 
understanding the effects of visualization on engagement responses seen in Figure 2 (Sheppard, 
2005). Many of these attributes were included in recent examples of local climate resilience 
planning in California, Canada, and Australia. All of the examples above increased engagement 
by involving stakeholders in a civic process. Collectively, the examples increased engagement in 
all three areas: cognition, affect, and behavior. Cognition, awareness of solutions and overall 
knowledge, was increased in every case represented above. Concern levels were measured and 
reported to increase in the Local Climate Visioning Process (LCCV) and the Marin County Here 
Now US project. Both of these projects incorporated a majority of the attributes recommended 
for visual communication. The LCCV example indicated increases in concern and self-efficacy 
as a result of the process. However, there were similar findings between the control group and 
participants exposed to the visualization in terms of cognition and affect. The LCCV example 
did find overall interest levels, engagement, and support for mitigation and adaptation policies 
were stronger for those exposed to the visualizations (Sheppard et al., 2013). The Marin County 
project did not specifically test efficacy levels; however, it did indicate an increase in concern 
after viewing the visualizations, a relationship between concern level and intent to engage in the 
process, along with increased learning and awareness as a result of meaningful dialogue. Further 
testing on the use of visual communication with meaningful dialogue at other locations may shed 




process impact concern levels and feelings of having a positive role in an outcome? Does this 
correlate with support of specific policies or action toward climate resilience? Can the process 
remove or uncover barriers for engagement through meaningful dialogue in conjunction with the 
visuals? 
 
Figure. 3. “Theoretical effects of different types of landscape visualizations in stimulating perceptions and behavior 
in response to climate change”. Reprinted from Landscape visualization and climate change: the potential for 
influencing perceptions and behavior by S. Sheppard, 2005, Environmental Science and Policy, p. 647. Permission 




In any study utilizing landscape visualization and dialogue, care must be taken in the 
selection of imagery to avoid negative consequences along with thoughtfulness on the correct 
format for the participatory event based on the audience and topic (Sheppard & Cizek, 2009). In 
addition, the selection of participants for any visualization process needs to be carefully thought 
out and facilitated to avoid limitations and challenges (Kahane et al., 2013). By using a process 
that includes attributes of realism, immediacy, personally relevant environments, and 
demonstrates future scenarios that includes impacts and solutions, municipalities might be 
effective in tapping into community members’ cognitive and affective responses. By increasing 
community engagement, if systematically applied, many climate resilience goals and plans might 
be more easily implemented with visualizations. 
Conclusion 
Landscape visualization that includes meaningful dialogue can impact factors that affect 
engagement and behavior such as feelings of concern and efficacy. Future research could further 
evaluate the impact and changes to both concern and efficacy after experiencing this type of 
visualization process on local climate impacts and solutions. Research could measure the level of 
impact (if at all) on these two motivators of engagement, and whether they correlate to 
motivation to engage on local climate resilience. Future longitudinal mixed methods studies 
could shed light on levels of concern, efficacy, and motivation to engage along with exploring in 
depth reasons and the meaning behind why individuals feel and choose to engage in the issue.  
Local climate resilience relies on community engagement and civic behaviors to ensure 
implementation of municipal adaptation plans and recommendations. The landscape 
visualization process impacts concern levels and engagement when 3D visual imagery is created 




environment, contains people, places, objects, and demonstrates future consequences. Depicting 
future local scenarios along with dialogue may overcome many of the barriers associated with 
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Preface for Chapter Three 
 
This chapter will explore how landscape visualization within a participatory process 
impacts engagement for local climate resilience. Chapter Three seeks to further understand the 
impact of future sea-level rise concern by the use of landscape visualization and if there are any 
correlations between concern, age, and motivation to engage in the issue of sea level rise. The 
landscape visualization process incorporates imagery depicting future local climate change 
scenarios. It is posited that this process will assist in overcoming many of the barriers associated 
with implementation of climate resilience goals in such cases. This chapter will focus primarily 
on the primary and first objective of the overall research, which is to explore the impact of land 
use visualization on engagement in a local climate change adaptation process, in particular, 
what are the correlations between age and concern, age and engagement, concern and 
engagement. As seen in the Chapter Two literature review, landscape visualization could impact 
factors that affect engagement and behavior such as feelings of concern and efficacy. Chapter 
Two recommends future research on this methodology to measure the level of impact (if at all) 
on these two motivators of engagement, feelings of concern and efficacy, and whether they 
correlate to motivation to engage on local climate resilience (Daniels, 2018a). Chapter Four will 
offer a deep exploration of the barriers and solutions for advancing climate resilience at the 



























There is broad scientific consensus that climate change is occurring and is anthropogenic. 
However, there is limited engagement of the American public to support the development of 
resilient local communities. This article explores how landscape visualization coupled with a 
participatory process impacts engagement for local climate resilience. Research described in this 
paper seeks to further understand these impacts by using an onsite visualization technique in a 
coastal study area in San Mateo California, and examining correlations between concern, age, 
and motivation to engage on the issue of climate-induced sea level rise. In addition, this article 
discusses the pertinent attributes needed in landscape visualization and how the creation of 
visuals effect concern and efficacy levels. Results indicate an increase in concern for individuals 
that have low to no concern about existing sea level rise and a statistical relationship between 
concern and engagement level. The research underscores the importance of imagery depicting 







Research indicates communicating climate change through landscape visualization can 
impact concern and efficacy, prompting engagement by community members (Daniels, 2018a; 
Scannell & Gifford, 2013; Sheppard, 2012). Landscape visualization is defined as 3D imagery 
representing actual places in the present and future timelines that look and feel “real” to the 
viewer (Sheppard, 2005). The landscape visualization process incorporates imagery depicting 
future local climate change scenarios. This process can assist in overcoming many of the barriers 
associated with implementation of climate resilience goals. Local climate resilience relies on 
community engagement and civic behaviors to enhance implementation of municipal adaptation 
plans and recommendations. (Gifford, 2011; Weber & Stern, 2011). This type of engagement can 
span the spectrum of being aware of an issue, feeling concern or a sense of urgency on the issue, 
and/or taking action. Unfortunately, it has been shown that community engagement with the 
issue of climate change is inadequate at the local level to effectively encourage implementation. 
(Gifford, 2011; Weber & Stern, 2011). While general awareness of climate change is widespread 
(Leiserowitz, Maibach, Roser-Renouf, Feinberg, & Rosenthal, 2015), high levels of urgency are 
lacking among the general public (Leiserowtiz, 2006). Personal worry is considered a more 
accurate precondition for engagement (van der Linden, 2017). However, when communicating 
risk to increase personal worry, positive solutions should be considered to avoid furthering the 
lack of engagement on the issue (Milfont, 2012; Witte, 1992). This paper explores the 
significance of coupling landscape visualization with meaningful dialogue to increase 
community engagement for local climate resilience. It further seeks to understand correlations 
between concern, age, and motivation to engage in the issue of climate-induced sea level rise and 





The goal of this research was to explore the impact of landscape visualization and a 
participatory process on community engagement for local climate resilience. A mixed methods 
approach was used to undertake this research study that tested the impact of using landscape 
visualization in an experiential setting in San Mateo County, California. Incorporating qualitative 
research data with a quantitative data strand were used to provide insights on why individuals 
hold certain opinions or beliefs (Lorenzoni, Nicholson-Cole, & Whitmarsh, 2007). The 
geographic study area for this research design was within San Mateo County, California (Figure 
1).  
The site was chosen because of the efforts already underway in San Mateo County to 
plan and better prepare for climate change. San Mateo County consists of 20 municipalities on 
the San Francisco Peninsula that extends from the Pacific Ocean to the San Francisco Bay. San 
Figure 1. Map of San Mateo County, California depicting location in California. Reprinted from Property Maps 




Francisco International Airport is located at the northern end of the county with Silicon Valley 
beginning at the southern end of the region. According to 2014 census data, the county is 
primarily suburban and contains a population of 758,581 residents. The median household 
income is $91,421 ($53,482 nationally). The California Secretary of State (April, 2008), reports 
that San Mateo County has 50.4% registered Democrats, 23.0% registered Republicans, and the 
rest registered as “other” or “declined to state a political party preference.” According to the 
updated 2016 Census, the county is primarily White (61.4%), followed by Asian (28.9%), with 
only 2.8% indicating they are Black or African American. However, it is important to note the 
large percentage of individuals that indicate they are Hispanic or Latino for ethnicity (24.8%). 
These individuals that indicate they are Hispanic or Latino can be of any race, so also are 
included in all the above race categories. The U.S. Census allows for an individual to report 
different races as part of their ancestry; however, ethnicity is only categorized as Hispanic/Latin 
or not Hispanic/Latin.  
San Mateo County conducted a climate change vulnerability assessment in the summer of 
2017, and in Fall 2017, began their adaptation strategy phase. The vulnerability assessment 
project was supported by federal, state and local elected officials in order to coordinate efforts to 
identify threats to sea-level rise and create a countywide plan for climate resilience. San Mateo 
county will be one of the most impacted counties for sea-level rise in the state of California 
(Griggs et al., 2017). 
This research investigated how landscape visualization impacted concern and efficacy as 
preconditions for community engagement in San Mateo County. Specifically, how visualization 
with an opportunity for meaningful dialogue impacted the following: engagement, levels of 




implement or support. The research study was embedded in a larger county adaptation planning 
process called SEA CHANGE San Mateo Coun. This overall project consisted of a vulnerability 
assessment, various resilience studies for specific communities, and a plan to address the 
challenge of sea level rise. The research for this paper focused on one element (communication 
and engagement) of the larger SEA CHANGE project (retrieved from: 
https://www.census.gov/quickfacts/fact/table/sanmateocountycalifornia/PSTO45217). The 
communication and engagement phase was facilitated by Climate Access, a climate 
communication organization. Climate Access was funded the Federal Emergency Management 
Agency (FEMA) to assist San Mateo County to build public support and political will for the 
communities in the county to become more resilient to sea-level rise and associated flooding. 
Climate Access helped San Mateo County to assemble stakeholders of San Mateo County to 
serve as project partners based on their various expertise and roles in the process. A stakeholder 
is defined as “a representative of a formally constituted group or organization that has or is 
thought to have a collective interest” (Kahane, Loptson, Herriman, & Hardy, 2013, p. 5). These 
project partner stakeholders included county and city representation, environmental educators, a 
visualization organization, engagement consultant, federal government representative, social 
scientists, and other organizations working on the issue of sea-level rise in the county. Based on 
their expertise, project partners played an integral role in determining site selection, selecting 
sea-level rise projections, imagery depicted, survey questions, sequencing of imagery, number of 
scenarios installed, avenues to engage and provide feedback, and lastly choosing a sub 
population target audience for further research. These components of the research design will be 





The research design was modeled after a 2015 pilot project titled Here Now Us.  Project 
partners included Climate Access, Marin County, FEMA Region IX, OWLIZED, Autodesk, 
NOAA, San Francisco Bay National Estuarine Research Reserve, Susanne Moser Research and 
Consulting, and Antioch University. The results of the Marin County project indicated landscape 
visualization had a significant impact on increasing public concern about sea level rise and was 
correlated with motivation to engage on the issue (Moser, Daniels, Pike, & Huva, 2016). The 
findings of the Marin County project are currently being analyzed and compared to the findings 
from San Mateo County and a similar research project in Santa Monica, California. 
The design for this San Mateo study relied on the installation of two in situ viewers, 
called OWLS, that a user could look through and 
see 3D visualizations of projected flooding and 
sea level rise associated with climate change, 
along with possible response options. The OWLS 
are digital viewfinders modeled after the coin 
operated binoculars commonly found at scenic 
viewpoints (Figure 2). In addition to 3D 
visualizations, the OWLS were loaded with survey 
questions to collect data in between the selected 
visualizations. This type of technology was 
selected based on the effectiveness of using in-situ 
users to increase concern levels and engage the 
general public in the Marin County, California Here Now Us project (Moser et al., 2016). This 
Figure 2. OWL in Use at Coyote Point. Photo 




initial quantitative data strand collected data on changes in concern levels after users viewed the 
visualizations, support for community action on addressing sea level rise, and motivation to 
engage and become involved on the issue in their community. Finally, the OWLS collected 
information on age range to determine correlations of these variables above with different age 
generations. Qualitative data was collected through concurrent focus groups to explore meaning 
behind the concern and the overall landscape visualization experience. Table 1 summarizes each 
component of the research design.  




Coyote Point Recreational Area was selected to test out the in 
situ visualization based on: ability to view sea-level rise 
projections and flooding, impacts of sea-level rise and flooding 
to landscape, designated public space, high pedestrian traffic, 
and ability to show retreat as a future response option. 
 
Visual Imagery 
The sea-level rise estimates are based on the 1 through 4-feet 
sea-level rise projections from the Third National Climate 
Assessment (NCA) report. 
 
Target Audience Three primary audience groups: local elected/appointed officials, municipal/agency staff, and ‘conversation starters’. 
 
Participant Actions Send a tweet, and/or send their email to be more involved in a 
local adaptation planning process. 
 
Site selection. Coyote Point is a 670 acre regional recreation area along San Francisco 
Bay that is operated by the San Mateo County Parks and Recreation Department. The recreation 
area is directly south of San Francisco International Airport and is bordered by the cities of 
Burlingame and San Mateo. According to San Mateo County Park Department, there are 
approximately 500,000 individuals that visit Coyote Point each year. Coyote Point provides a 
Table 1.  
 




wide variety of opportunities including picnicking, swimming, windsurfing, bicycling, jogging, 
fishing, boating, and sailing. From the OWL, viewers looked out at San Francisco Bay. The area 
currently floods frequently due to storm run-off and high tides. Coyote Point was selected by the 
project partners to be the site of the visual experience for multiple reasons including ability to 
view sea-level rise projections and flooding, impacts of sea-level rise and flooding to landscape, 
designated public space, high pedestrian traffic, and ability to show retreat as a future response 
option. 
Visual Imagery  
The sea-level rise estimates are based on the one through four foot sea-level rise projections 
within approximately the next 50 years, from the Third National Climate Assessment (NCA) 
report (Melillo, Richmond, & Yohe, 2014). The visualizations were created by the project 
partner, OWLIZED, based on their proprietary software. San Mateo County, Climate Access, 
FEMA Region IX, OWLIZED, Autodesk, NOAA, Susanne Moser Research and Consulting, and 
Antioch University all provided an advisory role to select sea-level rise projections and possible 
response options. Both OWLs were placed at the same location and contained identical 
landscape visualizations and surveys. One OWL was ADA compliant and the second OWL 
required a person to stand to look through the viewer. Four 3D visuals were selected and 
depicted in the OWL viewers (see Table 2). The first two visuals illustrated sea-level rise and 
associated flooding impacts and the last two images demonstrated possible response options to 













































Each viewer could rotate 360 degrees for a panoramic view, but not up or down. As a user 
rotated the OWL and looked through the viewer, the image they saw would represent the same 
viewpoint of the landscape with the projected impacts and associated imagery in the scene.  
The visualizations also included people, animals and recreational activities that are common to 
that geographic area. Each scenario, depicted common activities currently underway in that area 
to depict a sense to viewers that "life goes on" with sea-level rise and flooding. Scenario 1 used a 
two feet sea-level rise model since it mimics what is already happening in that location with a 
King Tide. For the future sea level rise scenario (Scenario 2) with no response options, the 
project managers chose a 4-feet sea level rise projection within the next 50 years based on a 
projected range for that region (Melillo et al., 2014). The projected range could be as extreme as 
10 feet of sea-level rise at that location in the next 50 years (Griggs et al., 2017). However, the 
project partners did not want to scare users that viewed the visualizations since images and 
Table 2. 
 





messages of fear can lead to paralysis of action (O’Neil & Nicholson-Cole, 2009). The response 
option in scenario 3 was selected since it is the projection on which San Mateo County based 
their future “pocket beach climate adaptation project.”. Lastly, scenario 4 showcased a more 
likely future scenario of four feet of sea-level rise in 50 years in that area, with a response option 
that could mitigate that amount of sea level rise. This included constructed wetland area and 
relocating the beach further inland.  Figures 3 through 6 are snapshots of what could be seen 
from a stationary viewpoint from the OWLS.  
Scenario 1 "Current Condition" (Figures 3 and 4). This scenario illustrated current 
storm and flood conditions already experienced in the area from sea-level rise to date with an 
extreme King Tide event. This type of event would be equivalent to a 2-feet sea-level rise. This 
visualization illustrated flooding that overtops the existing riprap along the beach at Coyote 
Point. The snapshot depicted below is looking toward the west. Project partners decided to use 
the King Tide event because the type of flooding seen in the imagery is often experienced at the 
location.  
Figure 3. Landscape Visualization Scenario 1. Current Condition with King Tide event based on 2-feet sea level 




Scenario 2 "Sea Level Rise/No Action" (Figures 5 and 6). This scenario illustrated a 
projected 4-feet of sea level rise in the next 50 years to illustrate flooding that inundates the 
immediate area along with Highway 101. A viewer could rotate the OWL and see flooding 
behind them along with the highway. A 4-feet sea-level rise projection was used to keep the 
imagery within the next 50-year timeline. It is also based on a moderate projection of sea-level 
rise for the region. The snapshot depicted below is looking toward the west again and is rotated 
toward the existing BoardSport building along the beach. 
North 
Figure 4. Snapshot Viewer Direction from Scenario 1. Reprinted from Property Maps Portal San Mateo County 





Scenario 3 "Possible Response Option to 2-Feet Sea Level Rise" (Figures 7 and 8). This 
scenario illustrated what is currently planned for adaptation responses in the area, including 
moving the beach. It is based on a projected 2-feet sea-level rise over the next 50 years. Project 
partners advised depicting one of the response option scenarios that is currently planned by 
Figure 5. Landscape Visualization Scenario 2. Sea-Level Rise No Action based on 4-feet sea level rise. 
Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
North 
Figure 6. Snapshot Viewer Direction from Scenario 2. Reprinted from Property Maps Portal San Mateo County 





County government. However, it was noted by many project partners the response option is not 
sustainable for a long-term solution. The snapshot depicted below is looking toward the east to 
show the pocket beach relocated inward with additional rip rap.  
 
 
Scenario 4 "Response Option to 4 Feet Sea Level Rise" (Figures 9 & 10). This scenario 
illustrated what the future could look like, given the current adaptation responses will be 
inadequate for sea-level rise in the Bay. The visualization proposed constructed green 
North 
Figure 8. Snapshot Viewer Direction from Scenario 3. Reprinted from Property Maps Portal San Mateo County 
California by C. Daniels, 2018, Retrieved from maps.smcgov.org. 
 
Figure 7. Landscape Visualization Scenario 3. Possible Response Option to 2-Feet Sea-Level Rise Reproduced 




infrastructure in the form of marshland. It is based on a 4-feet sea-level rise projection. The 
snapshot depicted below is looking toward the east.  
 
 
The visualizations loaded into the OWLs were designed to adhere to the attributes 
recommended for inclusion in a landscape visualization process (Nicholson-Cole, 2005; 
Sheppard, 2005; Spence, Poortinga, & Pidgeon, 2012; van der Linden, 2015; Weber & Stern, 
North 
Figure 10. Snapshot Viewer Direction from Scenario 4. Reprinted from Property Maps Portal San Mateo County 
California by C. Daniels, 2018, Retrieved from maps.smcgov.org.  
 
Figure 9. Landscape Visualization Scenario 4. Response Option to 4-Feet Sea-Level Rise Reproduced from 




2011). Local climate 3D visioning incorporates aspects of risk and meaningful solutions by 
focusing on local venues with possible outcomes and solutions versus commonly used climate 
change imagery such as global greenhouse gas emission graphs or polar bears in the Arctic 
(Scannell & Gifford, 2013; Sheppard, 2012). The following attributes were applied as suggested 
for inclusion in a 3D Visualization process that includes deliberation. The attributes are each 
listed below with a short description on how they each can motivate engagement by increasing 
risk perception and efficacy for action (Nicholson-Cole, 2005; Sheppard, 2005; Spence et al., 
2012; van der Linden, 2015; Weber & Stern, 2011): 
• Realism: By showcasing the impacts in realistic pictures and video of real places, 
participants see how cumulative actions generating invisible GHG emissions at the 
individual level create larger impacts. This increases individuals’ understanding on the 
causes and effects that result from their GHG emissions;  
• Immediacy: Any projections need to be temporally immediate to avoid the tendency for 
people to discount the future. A literature review on risk perception suggests individuals 
need to feel the issue is having an impact now, so they do not prioritize it lower than 
more immediate issues, such as jobs and healthcare; 
• Personally relevant environments: This creates relevancy for participants by using local 
scenes or neighborhoods. Using images community members relate to can elicit 
emotional responses from viewers. This affective response from the personally relevant 
images can have an impact on risk perception and feelings of urgency;  
• Contain images of people, animals, and/or symbolic objects: It is important to tailor the 
images specifically to the audience so they are personally relevant and understandable 




• Demonstrate future consequences: This allows for participants to see a direct response or 
outcome based on choices made today. It also can create the space for community 
members to use the scenarios to talk about shared values and the pros and cons about 
each possible scenario. By showcasing possible positive scenarios, individuals could feel 
efficacy about the future outcome without being tempted to disengage from the issue due 
to lack of hope. In addition, deliberative dialogue concerning the visual experience could 
further elevate feelings of hope and efficacy on the issue of climate change. 
 
In addition to including the attributes listed above, Sheppard’s visualization Code of Ethics 
suggests the need to address accuracy, representatives, visual clarity, interest, legitimacy, 
accessibility, and framing and presentation (Sheppard, 2012). 
Using the OWL technology versus static maps, traditional presentations, or public 
meetings, allowed for the inclusion of all the attributes above to be represented in an interactive 
360-degree viewer. Locating the OWLS in a public space that is accessible by the general public 
over a longer time span allowed for a diverse and random population to experience and interact 
with the OWLS. This type of long-term installation increases accessibility for a larger number of 
individuals to be reached versus a one-time scheduled event.  
Landscape visualization should include personally relevant environments to reduce the 
psychological distancing that often occurs with getting individuals engaged with climate change 
solutions. Psychological distance refers to an object that “is remote in time, or in space; refers to 
experiences of others; and unlikely to occur” (Liberman & Trope, 2008, p. 1201). Liberman and 
Trope outline four key components of psychological distance: geographic distance, temporal 
distance, social distance (race, class, gender, etc.), and certainty of an event happening 




components with each component significantly correlated (Spence et. al., 2012). For example, to 
increase concern on the issue, visualizations should communicate certainty, include a local venue 
depicted in the near future, and be relevant to the viewers social group. Framing climate impacts 
and solutions where individuals live and/or work can reduce psychological distancing (Reser, 
Morrissey, & Ellul, 2011). Based on these recommendations, the visualizations were initially 
designed to include all aspects of the recommended attributes above. However due to final site 
selection, one of the essential attributes, “personally relevant environments,” was not included in 
the final imagery. While users that live in the area might recreate in the location, it still did not 
depict any homes, neighborhoods, or businesses being impacted by the projected inundation. The 
exclusion of personally relevant environments in the visuals may have impacted the findings and 
results of the research study. This will be further discussed in the discussion section of this 
article.   
Visual imagery can engender negative emotional responses leading to feelings of fear, 
unease, or resulting in disturbing visions by the person experiencing the visualization (Boholm, 
1998). Communicating information or images that elicit fear can initially capture an individual’s 
attention through concern. However, images that foster feelings of helplessness and low efficacy 
result in disengagement from the issue (Badura, 1977; O’Neill & Nicholson-Cole, 2009). It is 
essential for individuals to know how to deal with a problem through specific solutions that are 
available (Milfont, 2012). The Extended Parallel Process Model (EPPM) suggests 
communication on risk needs to be accompanied with individual self-efficacy in order to be 
effective or it can backfire (Witte, 1992). Therefore, the future scenarios were created with 
moderate impacts in mind, along with inclusion of possible solutions showcasing a way to deal 




In order to create the visuals, OWLIZED took a series of photos from the location that 
the OWL was to be installed (45 degree increments to cover a 360-degree panoramic image). 
The photos were digitally stitched to create a equirectangular spherical image. This image served 
as the back-plate image to composite sea level rise and response scenario 3D modeled 
visualizations on top of. The National Oceanic and Atmospheric Administration (NOAA) 
provided high resolution LiDAR-based terrain models of the area and a high resolution 
orthorectified aerial image. The aerial image was mapped onto the terrain and served as the 3D 
base model. The exact location of OWL photography was located on the 3D base model and a 
3D spherical camera was placed at that location. Next, the spherical renderings of the base model 
were aligned to the panoramic image allowing 3D elements placed in the scene for compositing. 
OWLIZED was then able to move a 3D model of the water plane at the desired elevations and 
render it accordingly. The following software was used for the visualization: Autopano Giga (to 
stitch the photography); Global Mapper (to parse the terrain and aerial data and create the base 
model); 3DS Max (to match the virtual camera, lighting, and 3D model to the photography, to 
build the 3D water levels and response scenario models, and to render the various layers); and 
Photoshop (to composite the rendered layers, for color correction, and for touch up digital 
paintwork). 
Target audiences. In order to determine overall impacts of the visualizations on public 
concern and motivation to engage on the issue of sea-level rise, it was necessary to collect data 
from a sample of citizens that experienced the visualizations in order to gauge the concern levels 
of the entire community, their support for community action, and their motivation to engage on 
the issue of sea-level rise in their community. In addition, project partners decided to collect 




barriers for implementation of climate solutions. The project partners identified three primary 
audience groups that would help the county remove barriers and encourage engagement on the 
issue of climate resilience which included local elected/appointed officials, municipal/county 
agency staff, and “conversation starters.” Conversation starters consisted of 52 members of the 
Sea Change San Mateo County Community Task Force identified as key community leaders and 
stakeholders in the region. Many of these conversation starters represent businesses, 
organizations, and other types of associations. This subset of the general population were 
selected and included in focus groups to capture meaningful dialogue that occurred in 
conjunction with the viewing of the landscape visualizations. San Mateo County invited a 
representative from each of the 20 municipalities in San Mateo County for the elected/appointed 
decision-makers group and the municipal staff group. Because the focus group discussion was 
limited to a maximum of 10 people, criteria for selecting a diversity of participants was 
established. Individuals from the municipal staff and local elected/appointed official groups were 
chosen for diversity based on the municipality they represent to include a range of variability on 
how engaged each community was in terms of climate adaptation. Each municipality was ranked 
against each other (by the county) on a scale of 1-20 on how much planning, engagement, or 
projects have been done in that community. San Mateo County invited all 52 conversation 
starters to that focus group. Participants selected for inclusion contained a diverse range of 
county demographics according to the U.S. Census. However, many individuals declined to be 
involved in the process, and the next name on the list was then invited. This resulted in a loss of 
diversity from the original selection criteria in a few cases. A total of 41 individuals participated 




Participants’ actions. The project partners discussed possible actions the general public 
could take or indicate they would take after viewing the landscape visualizations. Instead of 
asking the public to take a specific civic action, project partners decided to use signage to ask the 
public to contact the county for any feedback they had or to join the overall conversation on how 
the county would address climate adaptation. Signage was included near the OWL installations 
to prompt individuals that walk up to the OWL, to send a tweet, or visit the county web page for 
more information. The signage created was in English and Spanish. Figure 11 is an example of 
the signage placed near the OWLS.  
  
Figure 11.  OWL Signage. Placed near OWLS at Coyote Point Recreational Area. Reproduced from Climate 
Access, 2018 by C. Daniels, 2018.  
LOOK AHEAD, SAN MATEO
Where and how the land meets the sea is changing, including here at San 
Mateo County’s only recreational beach along San Francisco Bay. Current 
flooding during storms and king tides hint at the threat posed by sea-level rise. 
Take a look through the OWL viewer for a virtual reality tour of what this 
location could look like under various scenarios. You’ll see the impact of rising 
waters, how the county is working to address the challenge, and one way to 
adapt the region’s shorelines as ocean levels continue to rise in the future.
Donde y como la tierra se encuentra con el mar está cambiando y surgiendo de forma 
que nos impacta aquí en el Condado de San Mateo, en particular dentro de la playa 
recreativa a lado de la bahía de San Francisco. Presentemente, las frecuentes inun-
daciones que han sucedido durante las tormentas y las mareas implican la amenaza 
que posea el aumento del nivel del mar.
Por medio del aparato “OWL” se puede mostrar un recorrido virtual sobre como una 
locación cambia con varias situaciones.  En el recorrido, se muestra el impacto del 
aumento de agua, como el Condado está trabajando para resolver el problema, y 
finalmente, una propuesta de  cual las orillas del mar pueden ser adaptadas mientras 
del nivel del mar sigue subiendo en el futuro.
El recorrido del "OWL"  sólo tiene la narración en inglés pero la experiencia es 
visual así que, por favor disfruten la vista.
Look Ahead-San Mateo includes a research project designed to test visualizations as a 
tool to engage communities in planning for climate disruption overseen by Dr. 
Susanne Moser in conjunction with Antioch University. All survey and audio 
data collected will remain anonymous and confidential, and kept separate 
from contact information voluntarily provided. Data and responses 
may be analyzed, synthesized and reported in scientific 
publications as part of this research. 
San Mateo County and municipal leaders want 
to hear from you as they develop a plan to 
address sea-level rise across the region. Use of 
the OWLs is free and we welcome your 
feedback!
El Condado de San Mateo y los líderes municipales 
quieren conocer sus opiniones y plataforma sobre el 
proceso de planificación para controlar el aumento 
del nivel del mar a través de la región. ¡Recuerden 
que usar el aparato “OWL” es gratis y apreciamos 
sus comentarios!
Check out a timeline of what the County is doing and 
get involved at lookahead-smc.org.
Quédese informado sobre el proyecto en
lookahead-smc.org
Tweet @LookAheadSMC to join the conversation. Twittear @LookAheadSMC para entrar en la conversación.
Look Ahead–San Mateo is part of the SeaChangeSMC program, 
produced by ClimateAccess.org and funded by FEMA. 






The data collection included quantitative data from Likert surveys that was further 
explained and explored with a smaller strand of qualitative data obtained from focus groups. The 
entire data collection process occurred over approximately four months.  
OWL experience & survey: The first strand of data was generated from a Likert survey 
loaded into two OWLs (visual viewfinders) that was interspersed between the four landscape 
visualization scenarios described above. The two OWLs were installed in Coyote Point Park in 
San Mateo County, CA, in late July 2016. One of the OWLS was ADA compliant and much 
shorter than the other OWL. An adult would need to bend over in an uncomfortable position to 
look through the ADA OWL. This OWL could be used easily by a person in a wheelchair or a 
child. Both OWLS contained the same visualizations and questions. Therefore, as discussed in 
the limitation section further in this paper, multiple survey results from the same user could have 
been included in the analysis. The OWLs collected data between the time of installation through 
December 2017. A few technical difficulties with the OWL technology hampered data collection 
at various points through the entire process. Signage was placed alongside the OWL installation 
to provide additional information about the project.  
As users interacted with one of the OWLs, an automated recorded audio prompter briefly 
introduced what viewers were seeing and how to operate the device. OWL users were then 
prompted with a set of clear and simple survey questions in Likert-scale ratings and multiple 
choice as they explored the visual scenarios. The questions focused on gathering concern about 
current and projected sea-level rise and flooding, support of community action on the issue, 
desired engagement on the issue, and finally age range of the user. The findings section provides 




The number of survey questions were limited to five multiple choice Likert style 
questions based on the technical partner’s experience with using the OWLs for other projects on 
landscape visualization. Experience with prior OWL installations consisted of a broad range of 
time spent with the OWL. Individuals would spend anywhere between one second to just over 
three minutes with the OWL. The answers were automatically recorded in the OWL and 
transmitted to a cloud type database that could only be accessed by specific project partners. The 
results were downloaded for analysis into a Microsoft Excel spreadsheet.  
OWL-based engagement on site was voluntary and random for the general public, while 
the target audience (e.g., elected officials, municipal staff, conversation starters) experienced the 
visualizations in arranged and facilitated site visits followed by a focus group dialogue. When 
these specific target audience events were facilitated, a project partner would note the day and 
beginning and end time of the group members using the OWLs, so that the collected data was 
analyzed as a unique set. The OWL entries are date-stamped, which made it possible to delineate 
responses by certain visitor groups (e.g., elected/appointed officials, staff, conversation starters).  
The data collected from the OWLs allowed for analysis of the impact that the visual 
experience has on a participant’s concern. Users were first exposed to scenario 1, which depicted 
flooding with a current King Tide, the equivalent of a projected 2-feet sea-level rise. After 
viewing scenario 1, the next screen projected a multiple-choice survey question on how 
concerned the user was on existing flooding in the region. The possible answer choice started at 
“extremely concerned,” followed by “very,” “somewhat,” “not very,” to “not at all” concerned.  
After the user selected the response that that best matched their level of concern, the OWL would 
depict the next scenario. Scenario 2 was shown next, followed with a question on the user’s level 




depicted with a question asking how supportive the user is of their community taking immediate 
action to address increased flooding risks from sea level rise. The user could select an answer 
ranging from “extremely supportive” to “very,” “somewhat,” to “not at all,” supportive. After 
this question, the users were exposed to the final scenario, and asked a question on their desired 
level of involvement in their community on sea-level rise planning. Their response options 
ranged in intensity of involvement from “I will not get involved” to “I am interested but not 
likely to participate,” “I would like more information and updates on the process,” “I would like 
to attend meetings as the planning gets underway,” through “I would like to know how to take an 
active role in my community.”  After answering this question, users were asked one last question 
on age range without being exposed to a visual. The response options to age range were grouped 
by generational category ranging from Generation Z (<15), to Millennials (16-35), Generation X 
(36-50), Baby Boomers (51-72), concluding with Matures (>72).  
Solutions were shown in the last two visuals (Scenario 3 and Scenario 4) to ensure 
communication of risk was accompanied with feelings of efficacy based on recommendations 
from research (Hornsey et al., 2015; Milfont, 2012; Witte, 1992). In addition, users were audio 
recorded during their experience and prompted to take action via leaving their email or posting 
on social media. These audio recordings were not responses to any specific questions but a 
record of participants’ verbal thoughts while using the OWLs. The audio recordings were not 
analyzed or used in this study.  
Focus group sessions with selected target audiences. Concurrently, in October 2016, 
focus groups from the identified sub population of OWL users were audio recorded and observed 
to further explore the impact of the visual communication on concern levels. Focus groups have 




However, in social science research, focus groups are defined as a form of qualitative research 
that utilizes group interaction to “produce data and insights that would be less accessible without 
the interaction found in a group” (Morgan, 1997, p. 2). Six focus group events were hosted for 
the three identified audiences: elected/appointed official, municipal/agency staff, and 
conversation starters. The three identified audiences were kept apart in focus group discussion to 
ensure they felt comfortable speaking with other participants having the same role. There were 
two focus groups for each of the three identified target audiences. The focus group discussion 
further explored participants’ experience with the visualizations, their motivations to engage on 
the issue in their community, challenges and barriers they identify toward solutions, preferences 
for solutions, and their level of capacity to take action steps regarding sea-level rise. Project 
Partners Susanne Moser and I facilitated the focus group dialogue events. The focus groups were 
hosted at the CuriOdyssey at Coyote Point. This is a science facility and playground that features 
exhibits and other educational based programs.  
When a focus group was scheduled, facilitators, the two researchers on the project 
partners team, met the group prior to the scheduled discussion at the OWL for group members to 
experience the OWLs before immediately entering the focus group discussion. In order to create 
a similar experience as the general public viewing of the OWLs, participants were asked not to 
speak with each other prior to the focus group, until? they were assigned to walk up to the OWL 
in groups of two or three. The time stamp allowed for a subset of data from the OWLS to be 
associated with a specific target audience to explore any patterns and differences from the 
various groups and the general public.  
After each focus group participant experienced the OWL, the group as a whole was 




building is within Coyote Point and a short walk from the OWL locations. The group was driven 
to the building to avoid conversations among focus group members prior to the focus group 
dialogue. The focus groups employed deliberative dialogue, a type of participatory process that 
has also been used successfully to engage the public in land use planning and other social issues. 
Deliberation has been defined as “open dialogue, access to information, space to understand and 
reframe issues, respect, and movement toward consensus” (Carson & Hartz-Karp, 2005). 
Theobjective of deliberative dialogue is not to talk together but to think together among 
participants (McCoy & Scully, 2002). Deliberative dialogue can create the connections between 
personal and public concerns along with mutual understanding through shared values (McCoy & 
Scully, 2002). This type of dialogue rests on a foundation of respect, deep listening, and 
suspending judgment (Bohm, 1996; Palmer, 2011). Deliberative dialogue is a method that allows 
for co-production of knowledge between residents, decision makers, experts, and other 
stakeholders (Sheppard, 2012). This type of dialogue is a venue for a participatory process that 
has the potential to strengthen motivation to engage, overcome feelings of helplessness (lack of 
efficacy), and find solutions to environmental problems (Kaplan, 2000). The Reasonable Person 
Model suggests participation is at the core of fostering a person’s need to make a difference, be 
needed, and collaboratively achieve goals (Kaplan & Kaplan, 2009). The purpose of the dialogue 
with the focus groups was to engage participants in deeper exploration of flooding and sea-level 
rise-related risks in San Mateo County and to gain a deeper understanding of participants' 
awareness and concern, motivations for engagement, capacities, and preferences regarding 
response options (see Appendix B, Draft Focus Group Agenda). The dialogue was intended to 
also explain or give meaning to response options given during the OWL survey. Deliberative 




when they participate in a conversation that presents them with new information in a non-
threatening manner (Barabas, 2004; Fishkin, 2009). Therefore, the focus groups were recorded 
and transcribed to further explore why (or why not) participants changed their level of concern 
after experiencing the OWLs and what motivates them to further engage or not engage in the 
issue. This discussion also investigated participant’s feelings on efficacy and hope, and what role 
they might play in determining the outcome.  
Data Analysis   
As discussed above, a mixed methods approach was used to test the impact of landscape 
visualization in San Mateo County, California. The research employed an explanatory design 
that consisted of first analyzing the quantitative data from the OWLs, followed by an analysis of 
the transcriptions of the focus groups to provide insight and new relevant information to the 
quantitative findings.  
The quantitative data was first analyzed in Microsoft Excel and a statistical add-on 
package. First, basic descriptive statistics related to age range, incoming concern, post concern, 
support of community action, and engagement levels were completed. The non-parametric 
Wilcoxon signed rank test was used to determine any significant changes of concern among 
individuals. Finally, a Chi Square Test for Independence was employed to see if there were 
relationships between motivation to engage, age range, and concern levels. The 
residuals/differences from the Chi Square test were further explored for relationships and 
patterns that were significant. A subset of the surveys was analyzed in a separate Excel document 
to explore differences and commonalities between the three target audience groups (staff, 




tests and analysis for the general population that interacted with the OWLS was completed for 
the three primary target audience groups.  
Throughout the analysis, the term “users” refers to participants that interacted and 
engaged to some degree with one of the OWLs. Each user that interacted with the OWL was 
automatically assigned a unique identification number once the OWL turned on by their touching 
the viewer. Once an individual walked away from the viewer, the viewer would reset, and would 
turn on when the nextindividual interacted with it. At that point, a new identification number was 
assigned. Therefore, it is possible for multiple identification numbers to represent only one 
individual if they used the OWL more than once. In addition, a user could walk from one OWL 
and use the other ADA OWL next to it after taking a survey. A new identification number would 
then be assigned and could create another survey response for the same individual. This is 
discussed further in the limitations section below. 
The transcriptions of the focus groups were coded and analyzed in the software program 
NVIVO. The transcriptions were coded based on a scheme which identified points made on the 
landscape visualization experience, concern levels, barriers for engaging and taking action, 
solutions for engagement, and efficacy for positive solutions. The initial literature review on 
landscape visualization (Daniels, 2018a) helped to frame the questions asked in the focus groups 
and informed the coding structure that was used to analyze the results. This deductive method 
then blended into an inductive approach to allow for new ideas and relevant information to 
emerge. It was through this inductive approach that a typology of barriers and solutions for 
engagement to transform the barriers into enablers of action was developed (Daniels, 2018c). 
An Intercoder method was employed to increase the objectivity and validity of the 




scheme for this paper related to the OWL experience. There appeared to be a high level of 
coding agreement based on initial discussion suggesting a good measure of research quality.  
Ethical Considerations, Limitations, and Validity of Research Design 
Ethical considerations. It is important to note the limitations and ethical considerations 
when utilizing 3D visualization for engagement. These relate to psychological impacts, self-
selection of participants, and validity issues. The factors discussed in the earlier section on 
barriers to engagement (experiences, attitudes, social context, cultural orientation, and 
perceptions) influence how people perceive images of climate change (Nicholson-Cole, 2005). 
An image can also contribute toward feelings of powerlessness leading to the opposite outcome 
of engagement (O’Neil & Nicholson-Cole, 2009). Therefore, it is important the visual 
communications illustrate the impacts but also proposes possible solutions to allow viewers to 
feel a specific behavior or action will produce a meaningful solution. This can help counteract 
negative emotional feelings that are promoted by the visual imagery in the research study. 
Ethical issues arise with visualization because of the role affect and emotions play in an 
individuals’ response (Sheppard & Cizek, 2009). Visual imagery can engender negative 
emotional responses leading to feelings of fear, unease, or resulting in disturbing visions by the 
person experiencing the visualization (Boholm, 1998). Stephen Sheppard and other researchers 
have developed a Code of Ethics for Landscape Visualization that deals with issues of accuracy, 
legitimacy, and other considerations (Sheppard & Cizek, 2009). This code offers 
recommendations and planning considerations on the issues mentioned above that will be 
followed to ensure the ethical use of 3D visualization. Care was taken when developing the 
visualizations to adhere to the code recommendations. This research study relied on one format, 




individuals seeking to experience the visualizations. However, it must be noted a web page was 
created to allow for the public to view the visuals loaded into the OWL viewers. Data was not 
analyzed from the web site use as part of this study. In addition, there was a limitation by 
presenting the data in sequential format versus allowing for a side by side view of the changes 
based on sea-level rise. This would not have been possible with the in situ technology used, since 
the objective of the visuals were to simulate an on-site experience that attempts to place the 
viewer in a “real” projected future scenario. The objective of the technology is to aid in 
transforming the landscape in real time for the user to experience the future scenario.  
 Limitations. It is also important to note limitations of the data collected based on 
participant selection and technical issues. If the goal of the landscape visualization is to increase 
public engagement on local climate resilience, participants should include citizens along with 
stakeholders of the specific community (Kahane et al., 2013). Participants that engaged with the 
OWL and took the survey were self-selected. Self-selection bias occurs when a particular group 
of the population is over represented in the sample. The site description, a recreational park, 
could have impact due to the nature of the population that uses the park, versus a location that is 
more accessible to the entire population of San Mateo County. A matrix was used to invite and 
select participants in the population subset (focus groups) to ensure diversity; however when a 
participant declined to attend, the next individual in the group was inviteduntil the spot was 
filled. Individuals that decided to participate in a group have specific characteristics that may 
have prompted them to self-select themselves. Self-selection may contain inherent biases that 
must be acknowledged when generalizing information from the population to a larger group.  
 In addition to selection limitations, survey results could include multiple responses from 




multiple times and be assigned separate user identification numbers. This could result in a 
limitation of the data results since there is no guarantee each response if a unique user. There was 
no possible technical solution to avoid this in the research design. However, the focus group 
participants were observed and instructed to only activate an OWL once to validate their survey 
results. It is important to note the focus group survey results are similar in trends to the general 
population findings except for age range.  
 Lastly, there was a large population that completed the survey under the age of fifteen, 
with a very small sample of older users (over 72). This could be the result of the location being 
near a playground at Coyote Point Recreational Area. However, over half the population of users 
were between the ages of 15 and 72. Analysis was conducted on the separate age ranges to 
explore differences in concern and engagement levels based on age range.  
Validity. Lastly, there is a validity issue with instrumentation. Because the OWLs were 
based on new technology, technical glitches and failures happened. As revealed in in the 
discussion section of this paper, testimony from the focus groups confirmed a negative reaction 
to various technical problems. These problems included the device not working, the buttons not 
scrolling easily to answer the question, difficulty in maneuvering the device, glare, and finally, 
concern on selecting the wrong option response for Question 2 on future sea level rise concern. 
All of these technical issues could impact the validity of the quantitative results on change of 
concern levels.  
Results 
Results are presented on impact to concern, support for community action, desired 
engagement in the process, and age correlations. In addition, findings are presented from focus 




3, 2016, through January 3, 2017, a total of 3,156 users interacted with one of the OWLS and 
started the audio process. Of the total users, 1565 answered Question 1 on existing concern of 
flooding, 1526 answered question 2 on future sea level rise and flooding concern, 1327 answered 
question 3 on level of community support for action, 1239 answered question 4 on level of 
motivation to engage on the issue of sea level rise, and 1322 answered question 5 on their age 
range. As indicated in Figure 12 below, a drop off in response rate occurred after a user 
answered the first question. In addition, a user was not required to submit an answer for each of 
the five questions. A user could choose to answer any or all five of the questions during the 
process and not in a linear order. However, the drop off rate from question one to five was not 
unexpected. As stated previously, the technical partners advised asking more than five questions 
due to their experience with drop off rates when interspersing questions into a visualization 
process.  




Impact on Concern Levels 
Users from the general population were shown Scenario 1, an image on existing 
conditions during King Tide, and asked about their level of concern on existing sea-level rise, 
tides and storms. This was followed with scenario 2, an image on projected sea level rise 
followed with a question on their concern about anticipated sea-level rise, high tides and storms. 
No adaptation responses were included in scenario 1 or 2. Overall concern levels remained the 
same or decreased after viewing the second scenario on projected sea-level rise. Table 3 and 
Figure 13 summarize the results from Questions 1 and 2 on existing and future sea level rise 
concern levels.   
 
Level of Concern 
Question 1. 
"How concerned are you about 
these current risks of sea 
levels, high tides and storms?" 
Question 2. 
"How concerned are you about 
these future risks from 
additional sea level rise?" 
Extremely  514 298 
Very 433 213 
Somewhat 354 325 
Not Very 180 407 
Not at All 84 283 
Total Answers 1565 1526 
 
  
Table 3.  
 




Change in concern for users. In addition to the above descriptive statistical analysis on concern 
levels, the Wilcoxon signed ranked test matched specific user responses between existing and 
Figure 14. Change in concern levels depicting level of increase, decrease or no change. 




future sea-level rise concern to gauge any changes in concern as a result of the visualizations. 
Only 1068 users answered both question 1 on existing concern and question 2 on concern about 
future sea level rise. The Wilcoxon test indicated there was a statistically significant change in 
concern among users (p=8.88E-16). The Wilcoxon test does not indicate the direction of change 
in concern. A modified histogram, Figure 14, was created to evaluate the specific direction of 
change (increase versus decrease) and the number of levels up or down the majority of users 
experienced.  For example, a user could increase concern two levels if they went from not at all 
concerned to being somewhat concerned. Negative numbers on the x-axis represent a decrease in 
concern and positive numbers represent an increase in concern. Each level was treated as ordinal 
data.  In general, nearly 77% of users either decreased or had no change in their concern. Table 4 




No Change in 
Concern Decrease in Concern 
250 users 408 users 410 users 
23.4% 38.2% 38.4% 
 
A second analysis was conducted to look at a subset of the entire population sample that 
consisted of users with low or no concern about existing conditions. These were users (n=187) 
that indicated they were “not at all” and “not very” concerned about existing King Tides and 
associated flooding from question one. This analysis was conducted to explore if the 
visualizations had a different impact on certain variables, users with low versus higher concern, 
about existing conditions and sea-level rise. A Wilcoxon test was conducted on this subset of 
Table 4.  
 




users to indicate statistically significant changes in concern. The test indicated there was a 
statistical change in concern among users (p=<0.05). A modified histogram displayed in Figure 
15 summarizes the results. Table 5 illustrates the number of users that increased, decreased or 
had no change in concern. The table indicates 60% of users entering with no to low concern 














No Change in Concern Decrease in Concern 
112 users 22 users 53 users 
60% 28% 12% 
 
Focus groups and levels of concern. As stated in the previous section on data collection, 
focus group user surveys from the OWLs were analyzed to further explore the impact of 
landscape visualization and concern levels along with motivation to engage on the issue of sea 
level rise. The focus groups were small, 41 participants across six focus groups, and not every 
participant answered each survey question in the OWLs (Existing: n=33; Future: n=32). Based 
on the small sub population size, the findings from the focus groups should not be generalized to 
a larger audience but viewed as case study data that is somewhat representative of the target 
audiences in San Mateo County. Figure 16 reveals the results on existing concern and future sea 
level rise concern by focus group participants. The Wilcoxon test indicated there was no 
statistical change in concern among focus group users (p= 0.75). Figure 17 displays the results of 
changes in concern among those users. Corresponding with the results of the Wilcoxon test, the 
chart below indicates 63% of focus users experienced no change in concern after viewing the 
landscape visualization on future sea level rise.  
  
Table 5.  
 





Figure 16. Existing and future concern level on sea-level rise, high tides and storms among 
Focus Group participants 
 





In each of the focus groups, facilitators asked participants to reflect on their personal 
experience with the OWL along with how concerned they felt about current conditions and 
future sea level rise. Facilitators prompted individuals to talk more about their experiences with 
sea-level rise or flooding. The focus groups transcriptions were coded to provide insight on how 
concern levels were impacted by their experiences with the OWL or experiences they might have 
already had with sea-level rise and associated flooding. This article analyzes the coding and 
statements related to the OWL experience and concern levels. The remaining focus group 
transcriptions regarding barriers and solutions for civic engagement along with reported feelings 
of efficacy are discussed in a subsequent research paper (Daniels, 2018c). The following findings 
are coded based on a user’s experience with the OWL. They were coded to explore why concern 
levels decreased or remained the same for focus group members that viewed the visualizations in 
the OWLS.  These findings were coded in four dominant categories: (1) lack of personally 
relevant environment; (2) confusion due to answer sequencing and transitions; (3) technical 
problems; and (4) useful tool. The following categories were included below because they were 
prominent in all six of the focus group discussions:  
Lack of personally relevant environment. Many of the participants suggested the 
location was not ideal due to limitations on park accessibility and the lack of visuals depicting 
critical infrastructure such as transportation systems, neighborhoods, or businesses. The 
geographic location of the OWLs enabled primarily future sea level rise scenario images of the 
beach area and recreational park. These views excluded depiction of critical infrastructure, 
homes, and businesses, resulting in statements about being underwhelmed at the imagery. For 
example, focus group participants stated: 
• “I mean if you showed what it would do to the waterfront in Embarcadero in San 




like that. That's going to get people's…you know, attention” (participant, Conversation 
Starter Focus Group); 
• “if you go up there by the airport, there’s those restaurants, um, Benihana’s and that 
whole group. And they have a walking path right by the Bay… Would you get more 
people looking at it, you know, because there’s a lot of people that walk by there” 
(participant, Elected Focus Group); 
• “You have ferry terminal in South City, which is owned by the City of South San 
Francisco, I would think that, that might be a good spot.” (participant, Elected Focus 
Group). 
 
In addition to suggesting other geographic locations, focus group participants thought the 
location within the park was not ideal. For example: 
• “It's also not on a publicly accessible pathway necessarily. You have to pay to enter the 
park.” (participant, Conversation Starter Focus Group); 
• “if it were placed, for example, …before the bath path enters Coyote Point from the south 
side, there's a public access bike path that goes around the dump… And people are up 
walking around there a lot.” (participant, Conversation Starter Focus Group). 
 
Confusion due to answer sequencing and transitions. Many focus group participants 
displayed confusion due to how the answer sequencing was flipped from Question 1 to Question 
2 on existing and concern on future sea level rise. For the initial question on existing sea-level 
rise concern, the first response option was ExtremelyConcerned, followed by Very Concerned, 
Somewhat Concerned, Not Very Concerned and lastly Not at All Concerned. After participants 
viewed the scenario for future sea level rise, the answer response options were ordered: Not at 
All Concerned followed by Not Very Concerned, Somewhat Concerned, Very Concerned, and 
finally Extremely Concerned.  The following is a sample of the types of comments made by 
focus group participants:   
• “I mean there was a very subtle transition between these things, I don’t know, maybe 
that's what…  I think we're confused …” (participant, Conversation Starter Focus Group); 
• “the options for the answers, it's not in the same sequence. Like the first one says 
extremely concerned, very concerned, so so... And the other one was flipped completely. 
I guess that you might be able to tell that people are really reading it. But between the 
size of the print and the glare and the reverse, it's confusing.” (participant, Conversation 





OWL technical problems. Many of the Focus Group participants also stated there were 
technical problems with the OWLS that resulted in negative feelings about the project.  
• “I started telling a lot of people and a lot of people went to see it and they didn't work. So 
I was embarrassed ...” (participant, Conversation Starter Focus Group); 
• “I had a little problem also… having to push the button a couple of times to make it go 
down.” (participant, Conversation Starter Focus Group); 
• “I found it hard to see through the sunlight, you know” (participant, Elected Focus 
Group). 
 
Useful tool. Overall, focus group participants agreed the visuals and imagery provided a 
useful tool to engage the public. Focus group participants agreed on the significance and value of 
using imagery to convey the issue, along with reaching the general public to engage in the issue. 
For example:  
• “I think that that is such a wonderful technique for getting people to accept and 
understand something that they wouldn't if we just show them that same image of the 
wall here.” (participant, Conversation Starter Focus Group); 
• So uh, I enjoyed it. I learned something from it and was able to provide some feedback. 
So great tool” (participant, Municipal Focus Group); 
•  “it was showing people a solution, which I think was really good.” (participant, Elected 
Focus Group). 
 
Impact on Support for Immediate Community Action  
The general public was asked about their support for their community to take immediate 
action on the issue of sea-level rise. Question 3 asked users how supportive they are of their 
community taking immediate action to address increased flooding risks from sea level rise. They 
could indicate if they were ‘extremely’, ‘very’, ‘somewhat’, ‘not very’, or ‘not at all’ supportive 
of their community taking action. Figure 18 summarizes user responses on this question 
(n=1327). As showcased in Figure 18 below, users were very supportive of their community 






Support for community action and sea-level rise concern. In addition to evaluating 
user intention to engage in the process, a Chi Square Test for Independence was explored for any 
relationships between support for community action and concern levels. A Chi Square was 
performed on existing concern and support for community action and sea-level rise concern and 
support for community action. Both tests indicated a statistically significant relationship between 
level of community support and concern level (p=<0.01). Both tests are summarized in Table 6. 
Table 6.  











df (0.01) = 32 
p =  1.48E-37 




As shown in Table 6, there were statistically significant relationships between concern and 
support for immediate community action in existing and sea-level rise concern. Each of these 
concern categories (existing and future) are not independent to level of community support on 
the issue. However, in order to uncover the direction of the relationship (whether higher sea-level 
rise concern leads to higher community support), a thorough analysis between the observed and 
expected data was conducted to determine associations. Figure 19 below explores the differences 
between the observed and expected data to determine the direction of the relationship (n=1058). 
If there are more observed users than expected is it a positive number. If there are less observed 
users than expected it is a negative number. Figure 19 indicates the direction of the statistical 
relationship between users with high concern over sea level rise and their support for community 
action. As future sea-level rise concern increases, so does a user’s support for community action. 
The results also indicate that when a user has low concern over sea level rise, their level of 
support decreases.  





Impact on Engagement Level 
The general public was asked about their desired level of engagement on the issue of sea-
level rise in their community. Question 4 asked users how they would like to get involved in 
their community. They could provide one of the five possible response options: I will not get 
involved; I am interested but not likely to participate; I would like more information and updates 
on the process; I would like to attend more meetings as the planning gets underway; I would like 
to know how to take an active role in my community. Figure 20 summarizes user responses on 
this question (n=1239). As shown in Figure 20 below, intention to take an active role in the 
process is low with users indicating a preference for lower intensity forms of engagement 
options.    




Engagement and concern levels. In addition to evaluating user intention to engage in the 
process, a Chi Square Test for Independence was explored for any relationships between 
engagement and concern levels. Chi square was performed on existing concern and engagement 
level, future concern and engagement level, and change in concern and engagement level. Each 
of the three tests indicated a significant relationship (p=<0.01) between existing, future, and 
change in concern with engagement level as summarized in Table 7.  
Table 7.  












p = 1.56E-19 





p = 0.008 
 
 
As shown in Table 7, there were statistically significant relationships between concern and 
engagement level in all three categories: existing concern and engagement level, concern over 
future sea-level rise and engagement level, and change in concern and engagement level. Each of 
these concern categories are not independent to intensity of engagement on the issue. However, 
in order to uncover the direction of the relationship (whether higher future concern levels lead to 
higher engagement levels), a thorough analysis between the observed and expected data was 
conducted to determine associations. Figure 21 below explores the differences between the 




more observed users than expected it is a positive number. If there are less observed users than 
expected it is a negative number. Figure 21 indicates the direction of the statistical relationship 
between users with high concern over sea level rise and their motivation to engage. As future 
sea-level rise concern increases, so does a user’s desired level of engagement. The results also 
indicate that when a user has low concern over sea level rise, their level of desired engagement 
decreases.  
 
User Age Range  
The general population were asked to indicate what age range they belonged to. Age 
ranges were determined according to five common generation designations that contain common 





collective experiences. This includes Generation Z (under 15), Millennials (15-35), Generation X 
(36-50), Baby Boomers (51-72), and Matures (over 73). The largest age range of OWL users 
were under 15 (473 users). This was followed by 15-35 years (340 users), 36-50 years (238 
users), 51-72 years (204 users), and lastly over the age of 73 (67 users). See Figure 22.   
 
 
Age and concern levels. In addition to the analysis discussed above, patterns and 
interactions were explored between age ranges and levels of concern. In order to explore this 
relationship, Figure 23 depict users that responded to existing concern and age range (n=875) 
and users that responded to future sea level rise concern and age range (n=985). Figure 23 
reveals more than half of every age group indicated they are very to extremely concerned about 
current sea-level rise with Generation X (36-51 years) having the highest existing level of 
concern (64%). The age group with the least high level of existing concern are users in the 




Generation Z age range (51%). However, after viewing the projected future visualization of sea 
level rise, all of the age groups decreased in their level of concern. The majority (over 50%) of 
Generation X (36-51 years) and Baby Boomers (52-72 years) maintained high concern levels 
after viewing the future sea level rise visuals; however each of these groups also slightly 










Along with the comparison between age ranges and current and future concern levels, a 
Chi Square test established a statistical relationship between age range and future sea level rise 
concern. However, in order to uncover the direction of the relationship (whether age range was 
linked to higher sea level rise concern) a thorough analysis between the observed and expected 
data was conducted to determine associations. Figure 25 explores the differences between the 
observed and expected data to determine the direction of the relationship (n=985). If there are 
more observed users than expected is it a positive number. If there are less observed users than 
expected it is a negative number. Figure 25 indicates the direction of the relationship between 
age range and sea level rise concern. In general, the lower the age range, the less concerned is the 
user about future sea level rise.  







Age and engagement levels. Patterns and relationships were also explored between age 
ranges and engagement level on the issue. Figure 26 depicts users that responded to age range 
and engagement level in the climate adaptation issue (n=1073).  Figure 26 illustrates the Baby 
Boomers (34%) are more inclined to take an active role in on the issue in their community.  
 





The Chi Square test established a statistical relationship between age range and 
motivation to engage. However, in order to uncover the direction of the relationship (whether age 
range was linked to engagement level) a thorough analysis between the observed and expected 
data was conducted to determine associations. Figure 27 explores the differences between the 
observed and expected data to determine the direction of the relationship (n=1073). If there are 
more observed users than expected is it a positive number. If there are fewerobserved users than 
expected it is a negative number. Figure 27 indicates the direction of the relationship between 
users with more active motivation to engage and their age range. In general, as age range 
decreases, the user wants to take a less active role in the adaptation process. However, there were 




more than expected Millennials that wanted to take an active role on the issue of sea-level rise 
than other age ranges.  
 
Discussion 
The results from the quantitative analysis established a statistically significant 
relationship between the visualizations and concern about existing and future sea level rise. As 
stated above, nearly 77% of the total population of users had no change in concern or decreased 
their concern level after viewing the landscape visualization. This indicates the visualizations for 
the majority of participants had the opposite intended effect on concern levels: it either had no 
impact, or actually caused a decrease in concern. It is also important to note the short time users 




spent with the OWL answering each question. Individuals spent between under one second to 
three minutes with the OWLS, with the mean time consisting of thirty-four seconds and a median 
time of only twenty-six seconds. This significantly short duration time with the OWL indicates a 
possible limitation on using OWL technology to effectively engage an individual. In the Here 
Now Us project in Marin County, California, the landscape visualization statistically increased 
concern levels (Figure 28) slightly. In Marin County, 30% of users increased their concern, 28% 
indicated a decrease in concern, while 42% displayed no change in concern after experiencing 
the visual imagery. It is important to note the duration of time spent with the Marin County 
OWLS was longer than in San Mateo. Individuals spent a minimum of one minute with the 
OWLS and an average time of 63 seconds with the OWLS. The longer time spent with the 
OWLS in the Marin County project may have allowed for more accurate emotional responses in 





Possibly more notably, the landscape visualizations used in the Marin County project 
adhered to all of the attributes recommended for inclusion in a landscape visualization process 
(Nicholson-Cole, 2005; Sheppard, 2005; Spence et al., 2012; van der Linden, 2015; Weber & 
Stern, 2011). In the San Mateo project, the visualizations included images of a recreational beach 
area and parking lot, while the Marin County project visualizations included a residential area. 
By locating the landscape visualizations in a designated recreational area that does not include 
homes or businesses, psychological distancing could have influenced the decrease in concern 
levels. Reducing psychological distancing by showcasing a personally relevant environment has 
the potential to increase concern (Spence et. al., 2012). Showcasing a beach or recreational 
parking lot in your local area might not elicit a feeling of personal risk sufficient to reduce 
psychological distancing that occurs with climate change (van der Linden, Maibach, & 




Leiserwitz, 2015). The landscape visualizations addressed two of the four components of 
psychological distancing; they were communicated with certainty and were images of a location 
that was geographically close to users from the region. However, by excluding images that 
included houses, businesses, and neighborhoods, personal relevance might not have been 
established by the users. Also, visualizations of sea level rise impacting buildings with vertical 
surfaces seen in foreground (see for example visualizations in Delta BC; Barron et al., 2012), are 
likely to be more dramatic visually than impacts on low-lying open shorelines seen with 
perspective foreshortening. 
The visualization location for San Mateo was within a designated recreational area that 
required vehicles to pay an entry fee. It was possible for individuals to enter Coyote Recreation 
Area via foot or bike; however, the majority of users entering the park do so for recreation 
purposes only. A certain type of individual or group would visit an outdoor recreation area.  
Research has indicated income, gender, and education levels correlate with typical users of 
outdoor recreational activities (Lee, Scott, & Floyd, 2001). Images located at the San Mateo 
project might have increased the social dimension of psychological distancing from viewing 
climate impacts at a recreational park. The geographic area selected for visualizations needs to 
be considered a personally relevant environment, such as the Marin County location, for 
participants to feel personally worried about the issue. Personal worry is considered a more 
accurate precondition for engagement (van der Linden, 2017). The visualizations in Marin 
County were located in a highly traveled bike/pedestrian pathway used both for travel and 
commuting, and recreation 
It is important to compare and contrast the landscape visualization project in Santa 




project, facilitated by USC Sea Grant, collected survey information in the OWL viewer between 
November 2016 and January 2017 on the Santa Monica pier. During installation, 9,917 users 
interacted with the OWL. There were seven Likert survey questions loaded into the OWL with 
four of the questions structured the exact same way as San Mateo. In this project, 2,157 users 
answered both the existing and future concern over sea level rise to calculate a statistical finding 
of a change in concern. In Santa Monica, 74% of users either decreased or had no change in 
concern. The Santa Monica landscape visualizations were also more akin to the visuals used in 
San Mateo. By locating the OWL at the end of the pier, visuals forecasting future sea level rise 
impacts mainly depicted changes to the beach and associated parking lots. This may not have 
represented a personally relevant environment for many of the users. 
The focus group testimony from the San Mateo county project provides further insight on 
finding no change or a decrease in concern levels after experiencing the visuals. The location, 
sequencing of answer responses, and OWL technical problems all may have played a role in the 
overall decrease in concern. Focus group participants discussed their specific feelings, and 
thoughts on their experience with the OWL’s, which criticized the location chosen, confusion 
with the survey, and problems with the viewer technology. Participants recommended the 
imagery include critical infrastructure (e.g., Bay Area Rapid Transit [BART]  or airport) to 
increase personal relevance to the general public viewers.  
It was also suggested the location chosen was not accessible to the general public and 
when individuals did interact with the OWLS, there were numerous technical problems 
obstructing effective use. Even with the criticism stated about the OWLS in reference to location 
and technical problems, there was also just as many participants, in some cases the same 




the concept of the importance of visuals and imagery to communicate complex issues to the 
general public. The benefits of using visual imagery to communicate complex information that 
demonstrates problems and solutions that aren’t easily seen are accepted and well documented 
(King, Conley, Latimer, & Ferrari, 1989; Nicholson-Cole, 2005; Sheppard, 2005; Tufte, 1990). 
Visual imagery has the power, unlike written text, to stimulate emotional responses leading to 
engagement and motivating action. (Nicholson-Cole, 2005; Sheppard, 2005; and Slovic, 
Finucane, Peters, & MacGregor, 2002). This concept might provide insight into why individuals 
with low incoming concern about sea-level rise, high tides, and storms, increased their concern 
after viewing the future scenarios. The visual imagery they were exposed to helped spark an 
emotional response for them to become concerned about future sea-level rise impacts. It is 
important to note the majority of the users (61%) in San Mateo County indicated high concern 
over existing conditions after viewing the first scenario depicting an extreme King Tide event. 
Only 17% of users indicated having low or no concern over existing conditions. The rest of the 
users (23%) were only somewhat concerned. It can be common to have high levels of concern 
about climate change coming into a visualization process (Sheppard et al., 2011). However, the 
users in this specific project were self-selected and not associated with a specific professional or 
stakeholder role. Therefore, it is interesting to note the high level of incoming concern from the 
general population sample from this landscape visualization process. 
The subset of San Mateo users that indicated an existing ‘no’ to ‘not very’ concern level 
(n=187) increased their concern after viewing the projected visual imagery (Figure 29). This 
indicates the landscape visualizations were a useful tool for increasing concern for a certain 
population segment. Future targeted audiences to engage through landscape visualization might 




issue. While it is important to activate individuals with higher existing concern levels in an 
adaptation process, these individuals are likely to at least be cognitively and affectively engaged 
on the issue already. Research indicates there is a positive relationship between the more a 
person knows about climate change and their public risk perception (Milfont, 2012; van der 
Linden, 2017). In addition, negative effect has been linked to a significant predictor of risk 
perception (Leiserowitz, 2006; van der Linden, 2017). Targeting populations groups with little to 
existing concern over climate change might have various benefits by increasing individuals’ 
























The same trend was seen in the results from the Santa Monica project as well. The 
majority (55%) of the sub group (n=393) with low to no existing concern increased their concern 
after viewing the visuals. Further corroborating the effectiveness of using landscape visualization 
to increase concern, the Marin County research results also indicate a significant increase in 
concern among low to no existing concern users. In this project, 75% of users in this subset of 
the general population (n=556) increased their concern after viewing the visuals. In the Marin 
County total population, only 30% of users increased their concern with the largest percentage 
experiencing no change in concern from the visualizations. 
In addition, the findings indicate there was a positive relationship between concern and 
level of engagement along with support for immediate community action on the issue. The 
findings indicated a statistically significant relationship between concern (existing sea-level rise 
concern, future sea-level rise concern, and change in concern) and anticipated engagement level 
of the user. As seen in Figure 21, the higher a person’s concern over future sea level rise, the 
more active role of engagement the user is willing to take. This further contributes to the existing 
research that increasing an individual’s concern over an issue can increase their engagement 
(Leiserowitz, 2005; Spence et. al., 2012; van der Linden, 2017). 
Lastly, it is important to note the undocumented and untested results of the larger 
engagement strategy that accompanied the landscape visualization research as part of the larger 
SEA CHANGE planning process facilitated by San Mateo County and Climate Access. This 
included a website for accessing a version of the visualizations, resources, and information to be 
involved. Hosted events at the OWLS were also facilitated by County staff and advertised in the 
media to reach a larger audience. Every individual that participated in the focus groups also 




issue with their peers, along with suggestions for action at the individual level (see Appendices D 
and E). 
Conclusion 
Landscape visualization can impact factors that affect engagement and behavior such as 
feelings of concern and efficacy. As noted by other research, this study demonstrates the 
importance in selecting imagery that reflects all of the attributes recommended for inclusion in a 
landscape visualization process to reduce psychological distancing that occurs with the issue of 
climate change. As seen in San Mateo County, the use of landscape visualization could reduce 
concern, creating the opposite effect intended if using the wrong location for imagery. In the San 
Mateo visualizations, only a parking lot and recreational beach area visuals could be created for 
the visual imagery. Unfortunately, this did not represent a personally relevant environment for 
the majority of the general public that interacted with the OWLS. In Marin County, all of the 
attributes for landscape visualization listed above were included in the imagery created.  The 
inclusion of homes, businesses, and a neighborhood in the Marin County imagery increased 
overall concern levels by triggering personal worry about the issue, which is believed to be a 
more powerful precondition for engagement. 
Future research could further evaluate the impact and changes to both concern and 
efficacy after experiencing this type of visualization process on local climate impacts and 
solutions. A future study could pre-test concern levels before experiencing the visualization and 
then again after the visualizations are experienced without any interruptions from questions 
being inserted between the scenarios. In addition, questions outside of the visualization 
experience could be added on levels of engagement and support for adaptation policies. Future 




motivation to engage along with exploring in-depth reasons and the meaning behind why 
individuals feel and choose to engage in an issue.  
Local climate resilience relies on community engagement to ensure implementation of 
municipal climate adaptation plans and recommendations. The landscape visualization process 
incorporates imagery depicting future local scenarios along with dialogue to overcome many of 
the barriers associated with implementation of climate resilience goals. The findings indicate that 
landscape visualization can increase concern among individuals with low to no concern 
prompting community engagement on the issue. It also resulted in a significant relationship 
between higher concern levels and support for community action. These findings are likely to be 
valuable for communities and practitioners with the goal to activate population groups that 
normally are not involved in the issue, or to build support for community action by increasing 
concern levels. Increasing the overall population that is concerned and cares about the issue 
might help communities achieve climate resilience. Utilizing a landscape visualization process 
based on best practices from research studies that is accompanied by a larger engagement 
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Preface for Chapter Four 
 
The goal of the overall research was to explore the impact of landscape visualization on 
community engagement for local climate resilience.  Chapters Two and Three focused on the 
justification and use of landscape visualization and how it can motivate engagement on the issue 
of implementing climate change resilience. Chapter Three also discussed the correlations 
between age and concern, age and engagement and concern levels with intended intensity of 
engagement. This chapter seeks to address the second research objective, to explore whether the 
visualization? process allowed for a deeper exploration into the barriers to engage on the issue of 
climate change. This research offers an in depth look at what barriers exist and how they might 
be turned into solutions for advancing climate resilience at the local level. Chapter Four also 
explores whether a participatory process allowed for deeper insights into the barriers and 
solutions individuals face to take action on the issue and how efficacy plays a role in 
engagement. Understanding this information could uncover and highlight a path to increase 



























There is broad scientific consensus that climate change is occurring and is anthropogenic. 
However, there is limited engagement of the American public to ensure the creation of resilient 
local communities. Landscape visualization along with meaningful conversations, has the 
potential to catalyze stakeholder engagement to address climate impacts and resilience. This 
study tested the impact of embedding meaningful dialogue into a landscape visualization process 
in San Mateo County, California, to uncover barriers of engagement and corresponding solutions 
that could further climate resilience implementation in the county. Findings uncovered five 
dominant categories of engagement and implementation barriers: (1) organizational collaboration 
and coordination; (2) leadership; (3) regulations and policies; (4) awareness/information; and (5) 
competing priorities. Meaningful dialogue allowed the participants to explore solutions in each 
of the barriers listed above. The research indicates the effectiveness of a landscape visualization 
process for engaging the local community on solutions to sea level rise in order to build climate 





Municipalities are in an influential and critical position to make a wide range of decisions 
that can mitigate and adapt to our changing climate (SAmerican Planning Association, 2008; 
Hunt & Watkiss, 2012; Rosenzweig, Solecki, Hammer, & Mehrotra, 2011; Tang, Brody, Quinn, 
Chang, & Wei, 2010). However, there still exists an ‘Adaptation Deficit’ between what is needed 
to create climate resilience and what is actually being implemented at the local level (Burton, 
2009; Eisenack et al., 2014). Local leaders and municipal staff have the opportunity to 
effectively engage the public to know, care, and act on climate change (Moser & Pike, 2015). 
Regrettably, community engagement with the issue of climate change is lacking at the local level 
(Gifford, 2011; Weber & Stern, 2011). This type of engagement can span the spectrum of being 
aware of an issue, feeling concerned, and/or taking action. Successful engagement of a 
community is considered a prerequisite for implementation of climate adaptation (Gifford, 2011; 
Weber & Stern, 2011). Case study research has effectively presented a typology of engagement 
barriers that local communities face in their efforts to implement climate resilience (Salon, 
Murphy, & Sciara, 2014). These include psychological, cognitive, political, economic, social, 
and structural challenges that impede fulfilling climate adaptation goals, policies and projects 
(Moser, 2009). Barriers are defined as “challenges, obstacles, constraints or hurdles that impede” 
implementation of climate adaptation (Eisenack et al., 2014, p. 867). Many of the social 
psychological categorical barriers are directly associated with effective engagement.  However, 
several of the barriers (e.g., financing and regulatory) will require additional structural changes 
after effective engagement occurs, if they are to be overcome. Barriers to enacting climate 
adaptation policies and projects can be overcome, versus limits, which are seen as 




Intergovernmental Panel for Climate Change IPCC, are absolute thresholds that can’t be 
overcome and create an obstacle to implementing climate adaptation (Adger et al., 2007). 
However, there is a lack of research offering explanations on how to overcome the barriers and 
the types of public engagement necessary to help transform the barriers into action (Eisenack et 
al., 2014). Research exploring these explanations is vital to develop solutions to implement 
climate resilience.  
For barriers to adaptation to be transformed into action, public engagement is needed 
among targeted stakeholders. Meaningful dialogue is a form of engagement that can be used to 
different possible outcomes and points of view. Deliberative dialogue is a method that allows for 
co-production of knowledge between residents, decision makers, and other stakeholders 
(Sheppard, 2012). It is this co-production of knowledge that lends itself to fostering an outcome 
of solutions participants can agree upon and support. The Reasonable Person Model suggests 
participation is at the core of fostering a person’s need to make a difference, be needed, and 
collaboratively achieve goals (Kaplan & Kaplan, 2011). In addition, there is evidence that along 
with increasing cognitive knowledge about an issue, participants also can change their opinions 
when confronted with this new information (Barabas, 2004; Fishkin, 2009). By incorporating 
meaningful dialogue into the issue of climate resilience, solutions that were originally discarded 
might be reconsidered as positive outcomes. Landscape visualization is a tool that can advance 
meaningful conversation by decision-makers and other stakeholders to implement climate 
resilience (Sheppard, 2012; Sheppard & Cizek, 2009). Landscape visualization is defined as 3D 
imagery representing actual places in the present and future timelines that look and feel ‘real’ to 
the viewer (Sheppard, 2005). The intentional integration of 3D visualization with meaningful 




has been used successfully to increase motivation to engage with climate resilience in Marin and 
San Mateo Counties, along with Santa Monica, California (Daniels, 2017).  
This paper explores how landscape visualization along with meaningful dialogue reveals 
barriers to effective engagement and how to transform these barriers into enablers of action. In 
addition, this paper aims to further extend our understanding of these barriers and how they are 
common throughout different locations and contexts. 
Research Design 
 The goal of this research was to explore the impact of landscape visualization and a 
participatory process on engagement for local climate resilience. A mixed methods approach was 
used to test the impact of embedding meaningful dialogue into a landscape visualization process 
in San Mateo County, California, to uncover barriers of engagement and corresponding solutions 
that could further climate resilience implementation in the county. The research question was 
explored using a design that combined quantitative and qualitative approaches in order to fully 
understand the phenomena behind what fosters engagement for climate resilience within an 
individual. Using this type of mixed methodology allows for deeper exploration and insight into 
the research question versus utilizing a single method approach (Creswell, 2013; Tashakkori, & 
Teddlie, 2010). The design adhered to an explanatory design consisting of a larger quantitative 
data collection strand followed by a smaller qualitative strand to help understand the quantitative 
results. The research study was embedded in a larger county adaptation planning process called 
SEA CHANGE San Mateo County. This overall project consisted of a vulnerability assessment, 
various resilience studies for specific communities, and a plan to address the challenge of sea 
level rise. Landscape visualization was included in the project to increase engagement on the 




within in situ viewers, called OWLS 
(Figure 1), where a user could look 
through and see 3D visualizations of 
projected flooding and sea level rise 
associated with climate change along 
with possible response options.  The 
OWLS were loaded with survey 
questions to collect quantitative data 
on concern changes after users viewed 
the visualizations, support for 
community action on addressing sea level rise, preference for response options to flooding and 
sea level rise impacts, and motivation to engage in the planning process with the county. The 
Figure 1. OWL and Users, San Mateo County Government. 
Reproduced from Sea Change San Mateo County, 2018 by C. 
Daniels, 2018. Retrieved from seachangesmc.com/current-
efforts/look-ahead-san-mateo/ 
 
Figure 2. OWL Visuals: Clockwise from top left: Scenario 1, 2, 3 and 4. Current and future flooding with two 





visualizations (see Figure 2 for examples of visuals) served as a springboard to collect qualitative 
data from subsequent dialogue on what barriers for engagement existed in San Mateo County 
and corresponding solutions to enable implementation of climate resilience. Two OWLS were 
installed in the same location with the same visualizations and survey questions. One of the 
OWLS was ADA compliant to allow for wheelchair access. 
Site and Participant Selection 
Site selection. The geographic study area for this research design was within San Mateo 
County, California (Figure 3). The site was chosen because of the efforts already underway in 
San Mateo County to plan and better prepare for climate change. In addition, San Mateo county 




Figure 3. Map of San Mateo County, California depicting location in California. Reprinted from Property Maps 




 San Mateo County consists of 20 municipalities on the San Francisco Peninsula that extends 
from the Pacific Ocean to the San Francisco Bay. San Francisco International Airport is located 
at the northern end of the county with Silicon Valley beginning at the southern end of the region. 
According to 2014 Census data, the county is primarily suburban and contains a population of 
758,581 residents. The median household income is $91,421 ($53,482 nationally). The 
California Secretary of State (April 2008) reports that San Mateo County has 50.4% registered 
Democrats, 23.0% registered Republicans, and the rest registered as other or declined to state a 
political party preference. According to the updated 2016 Census, the county is primarily White 
(61.4%), followed by Asian (28.9%) with only 2.8% indicating they are Black or African 
American. However, it is important to note the large percentage of individuals that indicate they 
are Hispanic or Latino for ethnicity (24.8%). These individuals can be of any race, so also are 
included in all the above race categories. 
Participant selection. Participant selection was modeled after a 2015 pilot project in 
Marin County that used landscape visualization to increase concern and engagement on sea level 
rise (Moser, Daniels, Pike, & Huva, 2016). In San Mateo, similar project partners were 
assembled by Climate Access including: San Mateo County, FEMA Region IX, OWLIZED, 
Autodesk, NOAA, and San Francisco Bay National Estuarine Research Reserve. The research 
team consisted of Susanne Moser Research and Consulting and Antioch University. As part of 
the larger SEA CHANGE project, partners assisted in site selection for the landscape 
visualizations, visual imagery to be depicted, selection of target audience, and objectives for the 
dialogue with the target audience. The organizations above decided to collect data from the 
general population to test the effectiveness of the landscape visualizations on concern and 




public to assist the county in removing barriers for implementation of climate solutions. This 
target audience is the focus of this paper. The project partners identified three primary audience 
groups that would help the county remove barriers and encourage engagement on the issue of 
climate resilience. This sub-population included: local elected/appointed officials, 
municipal/county agency staff, and ‘Conversation Starters’. ‘Conversation Starters’ consist of 52 
members of the Sea Change San Mateo County Community Task Force identified as key 
community leaders and stakeholders in the region. Many of these “Conversation Starters” 
represent businesses, organizations, and other types of associations. Table 1 summarizes each 
component of the research design.  
 
 
Methods of Collecting Data 
Focus group discussions. Focus groups have often been used in market research to 
extrapolate small group opinions to a larger audience. However, in social science research, focus 
groups are defined as a form of qualitative research that utilizes group interaction to “produce 
Table 1.  
 
Elements of Research Design 
Site Selection Coyote Point Recreational Area was selected to test out the in situ 
visualization based on: ability to view sea-level rise projections and 
flooding, impacts of sea-level rise and flooding to landscape, 
designated public space, high pedestrian traffic, and ability to show 
retreat as a future response option. 
 
Visual Imagery  The sea-level rise estimates are based on the 1 through 4-feet sea-level 
rise projections from the Third National Climate Assessment (NCA) 
report. 
 
Target Audience Three primary audience groups: local elected/appointed officials, 
municipal/agency staff, and ‘conversation starters’. 
 
Meaningful Dialogue Focus group dialogue with target audience to explore barriers and 




data and insights that would be less accessible without the interaction found in a group” 
(Morgan, 1997, p. 2). Focus groups were used to extrapolate qualitative data from the target 
audience on their experience with the visualizations, their experiences with flooding and sea-
level rise, challenges and barriers for engagement, solutions to eliminate barriers, and their level 
of capacity to take action steps regarding sea-level rise. The focus group sessions were facilitated 
in October 2016 during the larger data collection period of collecting Likert surveys from the 
landscape visualization process (see Figure 4). San Mateo County invited a representative from 
each of the 20 municipalities in San Mateo County for the elected/appointed decision-makers 
group along with a representative from each of the 20 municipalities for the municipal and 
agency staff group. These target audiences were selected due to their unique capacity to assist 
San Mateo County in implementing climate resilience projects and policies across the region. 
The three target audience groups are in a unique position to interact with the general public and 
engage community members to know about the issue of climate resilience, care about the issue, 
and take action. Because the focus group discussion was limited to a maximum of 10 people, 
criteria for selecting a diversity of participants was established by the research team. Individuals 
from the “municipal staff” and “local elected/appointed official” groups were chosen for 
diversity based on the municipality they represent to include a range of variability on how 
engaged each community was in terms of climate adaptation. Each municipality was ranked 
against each other (by the county) on a scale of 1-20 on how much planning, engagement, or 
projects have been done in that community. “Conversation Starters” members were selected to 
include a diversity of organizations and residents based on geographic location.  Only 41 of the 
60 invited individuals participated in a total of six focus groups. Project partners Susanne Moser 




the CuriOdyssey at Coyote Point which is a science facility and playground that features exhibits 
and other educational based programs. 
 
When a focus group was scheduled, facilitators met the group prior to the scheduled 
discussion at the OWLS for group members to experience the OWLS before immediately 
entering the focus group discussion. In order to create a similar experience as the general public 
viewing of the OWLS, participants were asked not to speak prior to the focus group among each 
other, until they were assigned to walk up to the OWL in groups of two or three. The time stamp 
allowed for a subset of data from the OWLS to be associated with a specific target audience to 
explore any patterns and differences from the various groups and the general public. After each 
focus group participant experienced the OWL, the group as a whole was driven to the 
CuriOdyssey building to begin the focus group discussion. Each focus group discussion lasted an 
average of two and one-half hours.   




Quantitative Likert survey;  
 
Qualitative Audio recordings; 
 
N = 3,156 users from the 
general public for the survey 
FOCUS GROUPS 
N=41 
6 Focus Groups (2 of each 
audience) Municipal Staff, 
Elected/Appointed Officials and, 
'Conversation Starters' 
 
Qualitative transcriptions on 
barriers and solutions to 
engagement along with concern 
and efficacy 
OCTOBER 2016 




The focus groups employed meaningfu l dialogue, a type of participatory process that has 
also been used successfully to engage the public in land use planning and other social issues. The 
purpose of the dialogue was to engage participants in deeper exploration of flooding and sea-
level rise-related risks in San Mateo County and to gain a deeper understanding of participants' 
awareness and concern, desired engagement on the issue, barriers they might face regarding 
solutions for engagement on the issue and implementing climate resilience. The agenda 
objectives were selected by the project team partners to assist the county to implement climate 
resilient projects and policies. This type of dialogue was facilitated with deliberation in mind in 
order for participants to move toward common solutions to deal with engagement on sea level 
rise in San Mateo County. Deliberation has been defined as “open dialogue, access to 
information, space to understand and reframe issues, respect, and movement toward consensus” 
(Carson & Hartz-Karp, 2005, p. 122). The objective of deliberative dialogue is not to talk 
together but to think together among participants (McCoy & Scully, 2002). Deliberative dialogue 
can create the connections between personal and public concerns along with mutual 
understanding through shared values (McCoy & Scully, 2002).  This type of dialogue rests on a 
foundation of respect, deep listening, and suspending judgment (Bohm, 1996; Palmer, 2011). 
This allows for co-production of knowledge between residents, decision makers, experts, and 
other stakeholders (Sheppard, 2012). Research has shown individuals can change their mind on 
an existing position when they participate in a conversation that presents them with new 
information in a non-threatening manner (Barabas, 2004; Fishkin, 2009). Therefore, the focus 
groups were recorded and transcribed to further explore what motivates the focus group 




The facilitators adhered to an agenda they created to assist the county and answer the 
research objectives (Appendix C). The script began with a question asking about the participants’ 
OWL experience. This was explored to understand if individuals thought the OWL was effective 
in engaging them on the issue of ?. The dialogue then proceeded to ask individuals their 
experiences with flooding and/or sea-level rise. The researchers wanted to further engage the 
participants in the dialogue by focusing on how the issue is personally relevant to each of them. 
This helps reduce the psychological distance of the issue in order for participants to explore 
tangible barriers they face in for climate engagement and adaptation. Finally, the discussion 
investigated what types of solutions might help participants overcome the barriers. 
Analysis 
Focus group transcripts were recorded with two audio recording units; permission to 
record was granted and signed by each focus group participant. Christa Daniels used a service, 
Rev, to initially transcribe the audio recordings. After receiving the transcriptions, Christa 
listened to each audio recording and verified the transcriptions provided. The final edited 
transcribed documents were all coded by Christa Daniels. The first round of coding used an 
overarching deductive approach based on the objectives from the focus group agenda. 
Statements from the focus group discussions were initially grouped by an individual’s experience 
with the OWL and sea level rise/associated flooding, concern on the issue of sea level rise, 
barriers to engage on the issue, participants’ feelings if they thought they had the ability to create 
positive change, and what solutions were necessary for effective engagement and climate 
adaptation. The second round of analysis included an inductive approach when exploring the 
barriers and solutions mentioned. These were further grouped based on their similarities within 




target audiences. After this typology of barriers was created, an analysis was done of 
corresponding specific solutions to barriers mentioned. Finally, the barriers identified were 
compared to a recent study in that geographic region (Ekstrom & Moser, 2014) and other 
research that suggest a typology of barriers (Burch, 2010).  This will be further explored in the 
Discussion section of this article.  
Limitations and Ethical Considerations 
It is important to note the distinction between defining participants as stakeholders or 
citizens. These terms are often used interchangeably describing participants of the process. For 
this paper stakeholders are defined as ‘a representative of a group or organization that has a 
collective interest’ in the topic versus a citizen that is a member of the broader public (Kahane, 
Loptson, Herriman, & Hardy, 2013). This distinction plays an important role in which 
participants to invite to the 4D visioning process along with the limitations and ethical 
considerations of that selection. In terms of local climate resilience, researchers might want to 
include both citizens and stakeholders in the process since both are part of a specific community 
and will be impacted by the outcomes selected. 
In addition, recruiting efforts to engage the target audience in the focus group discussion 
did not meet the sample size goal of sixty participants. This would have resulted in ten 
participants in each of the six focus group discussions. Nineteen focus group participants 
canceled attending at the last minute or did not show up for their assigned focus group. This 
reduced the diversity in relation to the selection criteria initially established.  
Findings 
As stated previously, focus groups (n=41) were conducted with a target audience in San 




issue, along with feelings of efficacy for achieving a positive solution. Barriers for engagement 
included obstacles related to increasing community awareness of impacts and solutions 
(cognitive engagement), getting people to worry or care about the issue (affect engagement) and 
either being able to implement solutions or get others to act on the issue (behavior engagement). 
In the focus group agenda, facilitators prompted individuals to talk more about barriers and 
solutions needed to act on the issue of sea level rise. These findings were coded in the following 
five dominant categories: (1) organizational collaboration and coordination; (2) leadership; (3) 
regulations and policies; (4) awareness/information; and (5) competing priorities. Specific 
solutions were also discussed and coded in each of the five categories of barriers listed above. 
While financial barriers were mentioned in many of focus group discussions, facilitators 
prompted focus group participants to delve further into other barriers that could be tackled 
without reliance on funding. The following typology of barriers were prominent in all six of the 
focus group discussions:  
Organizational Collaboration and Coordination  
Participants in every focus group mentioned the lack of regional and organizational 
coordination as a barrier for engagement on the issue. This specifically related to challenges that 
exist to deter the focus group participant from implementing action for climate adaptation. 
Participants stated this is due to various governments and agencies having different priorities, not 
working collaboratively together, and not talking with each other or having “siloed” departments. 
For example:  
• “I don't know some of my own departments are doing, let alone, you know, other 
jurisdictions, I think, so that disconnect is very real, um, we're very siloed in some 
aspects, in certain departments, in certain way” (participant, Municipal Focus Group); 
• “Uh, and, and the problem is…other regulatory agencies that have different priorities 




• “And I think there’s got to be some better coordination. Because like where he was 
talking about, Palo Alto, a lot of that runoff is coming off the mountains from like, you 
know, Los Altos and all those places. And there ... it’s coming downhill, they ... you 
almost have to start going up to Los Altos to fix part of the problem.” (participant, 
Elected Focus Group). 
 
San Mateo County has experience with legally created entities, such as a Joint Powers 
Authority (JPA) and other cross jurisdictional committees, to assist with regional coordination 
for problems that require communication and collaboration that transcend municipal boundaries. 
For example, the City/County Association of Government of San Mateo County (C/CAG) works 
on issues that affect transportation, air quality, storm-water runoff, hazardous and solid waste, 
recycling, climate and energy, and airport/land use compatibility planning. The C/CAG operates 
as an official JPA and has membership from all 20 cities in San Mateo County. C/CAG has 
worked on climate mitigation and energy in the past. However, at the time of the focus groups, 
there was no official JPA working on climate adaptation. Focus group participants mentioned the 
need for a JPA, such as C/CAG, to address and solve the problem regionally versus city by city. 
For example:  
• “So it sounds like the best thing the county can do as a county as a set or as a pseudo 
regional organization is to enforce some zoning laws that require adaptation planning 
when cities go to, to reevaluate their zoning.” (participant, Conversation Starter Focus 
Group); 
• “I, um, I am definitely into the idea of regional collaboration on this, I think it's 
absolutely necessary.” (participant, Municipal Focus Group); 
• “I think a JPA is probably a good idea. If I look across the county, I look at where we 
have JPAs, they seem to be working pretty well” (participant, Elected Focus Group). 
 
However, while participants acknowledged the need for a regional coordination, there 
appeared to be existing tension between regional authority and retention of local control. Some 
participants expressed concern and distrust over regional and state regulatory agencies’ 





• “No. The regional cooperation is fine just so long as it's all ... Uh, as long as it's, there is 
no regional interference. I'm overstating it. Little regional interference with what local 
governments want.” (participant, Conversation Starter Focus Group); 
• “I'm very concerned about California regulatory agencies, of which there are many, that 
would have a finger in any project we would want to do. And, by history, they would 
slow it down, kill it, or make it twice as expensive.” (participant, Municipal Focus 
Group); 
• (When asked what it would take to make the regional and state agencies more effective or 
stronger) “Act of the legislature. But then I don’t necessarily trust them either.” 
(participant, Elected Focus Group). 
 
As the dialogue progressed, participants exhibited support for regional agencies to 
specifically provide guidance, along with funding, to aid local governments to address sea level 
rise.  This included guiding documents, possible solutions to consider, and funding, e.g.: 
• “This is more complicated. The solutions will vary, you know, from place to place, so, so 
I think we have examples here, it's a new type of problem, it's more complicated. We do 
have, you know, California has the guidance documents that say, "Hey, we've analyzed, 
this is, these are the productions." (participant, Elected Focus Group); 
• “So, we need local and regionally tailored solutions. And so, we don’t need somebody in 
Sacramento telling us how to do it. We do need guidance. We do need money. But we 




 Focus group participants voiced the absence of leadership as a barrier for engagement. 
Many individuals indicated they needed leadership to allow them to take action on the issue. In 
all conversations, participants cited the absence of leadership at higher levels, such as the state 
and federal governments. Focus group participants stated:   
• “It's hard for a council member, even a really senior council member who's been around 
the block to just suddenly take the lead regionally” (participant, Elected Focus Group); 
•  “Yeah, every single one of us would say ... look to the person, the authority above us, 
and say "If we had leadership and support from the leadership on this issue, if we had a 
policy directive, then we'd be more effective. Period. Right.” (participant, Municipal 
Focus Group); 
 
Municipal and elected focus group members mentioned the lack of leadership amongst 




would be hard for them to demonstrate. Participants mentioned the gravity of displaying 
neutrality on the issue of climate change and not being viewed as a pacesetter or forerunner on 
the issue. Municipal and agency staff and elected officials felt that pushing climate change ahead 
of the general public’s current priorities would backfire by hampering implementation of their 
proposals. In addition, elected officials did not feel they could direct staff to pursue the issue of 
climate impacts due to other urgent issues staff were dealing with.  For instance: 
• “Yeah, I think um, it's tough being the trailblazer in this type of scenario.” 
(participant, Municipal Focus Group); 
• “And, and the city staff is running a city day to day. The last thing they need are 
council members to say we're going to do sea level rise today when that's not the 
urgent thing, you know…” (participant, Elected Focus Group); 
• “it really doesn't do much good to, like I say, get too far out in front because, um, 
um, whatever solutions you advocate when you are, you know, too far out in front, 
are just ... are not going to get implemented.” (participant, Elected Focus Group). 
 
In order to overcome this barrier, participants mentioned the need for cultivating 
leadership through education and grassroots support. The dialogue uncovered this could be 
accomplished by creating a groundswell of support to push leaders into action, offer facilitated 
retreats for learning and sharing ideas, and using images and video to pave the way for existing 
leadership to talk about the issue. For example:  
• “It needs to happen at the grassroots level. Business needs to take it to the appropriate 
officials who can really make it different. Remember, politicians often times follow. 
They don't lead.” (participant, Conversation Starter Focus Group); 
• “if you want to affect anything you need the support from the community to be the 
messengers” (participant, Municipal Focus Group) 
 
Regulations and Policies 
 Focus group participants talked about barriers related to existing regulations and policies 
to allow implementation of solutions which included existing land use decisions and purchasing 
policies. Participants felt climate resilience is not discussed or included in land use decisions 




audiences, talked about the lack of climate change mitigation and adaptation goals integrated into 
purchasing policies. In fact, purchasing policies can be considered mal-adaptive because they can 
increase greenhouse gas emissions exacerbating sea level rise. Maladaptation is defined by the 
IPCC as “any changes in natural or human systems that inadvertently increase vulnerability to 
climatic stimuli; an adaptation that does not succeed in reducing vulnerability but increases it 
instead” (IPCC, 2014).  See examples below: 
• “Often adaptation is not even addressed. Land use will be then decided and then they'll 
go to the engineers and say, "Well, come up with a safety element and a general plan. 
Figure out how we can make this safe for the design land use” (participant, Conversation 
Starter Focus Group); 
• It's a bridge in California, we put out the bid to make the bridge, wood came from Alaska 
because, um, we couldn't use the treated wood that was on there before because that 
would, um, go into the creek... Wood from Alaska. There was nobody in the state of 
California that can apparently can manufacture and weld pieces of steel together. The one 
that won the bid was in Florida. So, wood from Alaska gets shipped over to Florida. 
These guys fabricate it, and this was um a, 400-foot bridge, so it came in three tractor 
trailers across America to go to California. That's insane… There's got to be a better way 
to do that” (participant, Elected Focus Group). 
 
Focus group members discussed different possible ways to overcome this barrier. Ideas 
included incorporating sea level rise as a consideration for every study that is completed, 
establishing a carbon tax, disclosing coastal hazards from climate impacts on deeds and all 
coastal maps created, managed retreat, allowing for infill so the county can rebuild marsh lands 
and install artificial reefs, and decentralizing critical infrastructure.  
• “Um, one of the things we have to start doing, um, in trying to get a solution is to make 
that every study that's happening, um, incorporates sea level rise as a consideration.” 
(participant, Conversation Starter Focus Group); 
• “I think the only solution is to establish a carbon tax because you have to, it manages 
people's behavior” (participant, Elected Focus Group);  
• “And the answer is to decentralize water treatment. I mean, we've got technology. We 






Awareness and Information  
Overall, focus group participants agreed a lack of awareness on the causes and impacts of 
climate change contribute to the shortcoming of engagement (cognitive) on the issue in San 
Mateo County. Missing information and uncertainty were specifically mentioned as barriers to 
community engagement. The discussion centered on the inability for community members to 
differentiate natural versus anthropogenic climate change impacts. Participants discussed how 
climate impacts are manifested slowly and indirectly causing community members to be 
detached and less interested in the issue. For example:  
•  “I think the challenge is, distinguishing between what's just kind of typical and sea level 
rise. So, kind of like some of the people here have described. I go north from San Bruno 
into Sonoma County, and I go on 101 going through Sausalito. There are times with king 
tides, where trails, bicycle paths, running trails that we use, my family use and I use, are 
completely inundated. But is that a king tide? Is that sea level rise? What's the 
contribution of sea level rise? So, I think for me, um, in the areas where I go and travel 
and use, it's hard to distinguish between what's a storm event, and storm surge, and a king 
tide, and a sea level rise contribution? It's unclear to me.” (participant, Municipal Focus 
Group); 
• “And so ... That's why I think people have a hard time wrapping onto it because you see 
these things that have been happening for a long time. And, and then to translate that into 
the sea level rising isn't, isn't a trivial process I don't think. I think it takes more and it's, 
and it's incremental and slow. And it's decades into a full realization away, and so ...” 
(participant, Municipal Focus Group). 
 
In terms of missing vital information, a focus group member in the elected dialogue discussion 
admitted not knowing what possible solutions or options were available for them to implement, 
stating,  “I would like to know what options we could do to protect our coastal front and then we 
just have to bring our community along to stop putting carbon in the air as much as we are.”  
In order to overcome the lack of awareness and information, participants discussed the 
importance of training and nurturing facilitators to increase understanding among community 




facilitators to use with their replicating effective community organizing models to train and 
disseminate this information. For example:  
• “So, if there was a presentation developed that showed as realistic as you can get, not, not 
intending to scare people so not hyperbole but as realistic as you can get showing what 
happens with sea level rise and the impact on the county” (participant, Elected Focus 
Group); 
• “there's just conversation where let's talk about it and there's information kits available. 
So you, if you want to host a coffee for your neighbors about climate change, it's possible 
to do that.” (participant, Conversation Starter Focus Group); 
• “You, uh, um, how to go about discussing it, how to, you know, essentially facilitator 
guidelines. So, you know, how to, how to facilitate the conversation without it becoming, 
uh, an animus filled creed on what's wrong with what people ...” (participant, 
Conversation Starter Focus Group); 
 
Resources such as videos, newsletters, visualizations, and examples of successful projects 
were also suggested as important tools to spark meaningful conversations about climate impacts 
and solutions. Many participants mentioned the usefulness of having a type of technology such 
as the OWL that can showcase the same type of realistic 3D imagery to the public. Participants 
agreed anything created should be marketed and branded consistently and placed in various 
venues for the public. For example:  
• “And if we could devote more funds to marketing and branding, um, of new ideas, 
especially around environmental problems to raise awareness, then I think this is why 
the- the owl viewers are so important”. (participant, Municipal Focus Group); 
• “But, I definitely like the idea that was discussed with having something made, a little 
video or something.” (participant, Elected Focus Group); 
• I think that what would be beneficial is looking at other jurisdictions and cities 
throughout the nation that have been successful in adapting to sea level rise, or putting up 
barriers, or fighting sea level rise, and we can look at a, a case study, or a model, that's 
worked for other cities.” (participant, Municipal Focus Group).  
 
Competing Priorities  
Competing priorities were mentioned as a significant barrier across all focus group 
discussions. This barrier is interrelated and linked to many of the preconditions of engaging the 




about the issue, or allowing for action on climate change. Ekstrom and Moser (2014) listed 
attitudes, values and motivation as a dominant engagement barrier in the San Francisco Bay 
region. During the San Mateo County focus groups, competing priorities was directly linked to 
the lack of urgency and varying value sets of community members. It was recognized by 
participants that all of these factors create an atmosphere that allows other issues to take priority 
over climate impacts. If an individual had a different value set, or felt climate impacts were an 
urgent issue, sea level rise would take precedent and become the “urgent need” to address. Other 
priorities mentioned included personal health and well-being, lack of jobs, transportation issues, 
and housing prices. Statements included:  
• “I think the other thing is, all of us in this room, I can guarantee, probably have fifty 
thousand things going through our head right now, because we're expected to do more 
with less, and it's darn near impossible to be able to get through a day, just trying to 
manage the day to day activity, let alone do future projections and future planning.” 
(participant, Municipal Focus Group); 
• “By the time electrification and high-speed rail could come through so like, talk about a 
priority for our community and that's a 300 million dollar project that we don't have 
money for. That's the urgent need. How do you, how do you get the community to see 
that sea level rise is an urgent need in the grand scheme?” (participant, Elected Focus 
Group); 
• “I think it's more about values than science and we're trying to use science to change 
values… And you're not going to convince them with all the data and science that they're 
going to lose their house… as we've seen, (it) ain't about science, truth or any of that. It's 
about what people believe.” (participant, Conversation Starter focus group). 
 
Along with different community priorities, the perceived psychological distance of climate 
change impacts was reported as a reason the issue is not seen as urgent in the overall region. 
Psychological distancing refers to an object that “is remote in time, or in space; refers to 
experiences of others; and unlikely to occur” (Liberman & Trope, 2008, pg. 1201). Dialogue in 
the focus group focused on how the lack of urgency resulted from the long-term perception of 




• “If we have a crisis ... If we have an immediate crisis, if there's a sense of immediacy, 
then, we're quite good at reacting to that. But the kind of crises that we have that are 
related to sea level rise and kind of storm flooding, that doesn't cause us to move forward 
with a larger plan. We react to that discrete event. Sea level rise itself, we don't have that 
sense of immediacy.” (participant, Municipal Focus Group); 
•  “It, it may be another case of until there’s a significant disaster, we've waited long 
enough, the storm comes in at the wrong, wrong time and it came tide and the winds are 
big. And then finally the state will react to the emergency, but they still won’t react to the 
long-term problem.” (participant, Elected Focus Group); 
•  “And that's everywhere from teachers to people who don't have a job, um, but the bay 
area is insane. Right now, it's the most expensive place to live in America. Who would 
have known that? So, that is a priority people want to hear about. Yeah, sea level is 
important, but again, that's 50 years from now.” (participant, Elected Focus Group). 
 
Participants discussed tapping into existing priorities and current community ‘hot topics’ 
to encourage community engagement on climate impacts. It was mentioned in various 
discussions the need to create a sense of urgency and imperativeness about the issue to overcome 
psychological distancing. For example: 
• “I mean, people in Burlingame have 350 businesses just suddenly paying for flood 
insurance, that's going to get 350 people's attention. I think there's an opportunity right 
now.” (participant, Elected, Focus Group); 
• “What I thought was very impactful last year, it was the King Tide day, they made a big 
deal out of it.  It was King Tide's here on the coast, King Tides over on the bay and they 
invited people to come out and they told people to bring your camera and document it 
and you can send it into us” (participant, Elected Focus Group); 
• “I, I think urgency. There's not a sense of urgency, and it dovetails into what a lot of 
people have said; leadership” (participant, Municipal Focus Group). 
 
Focus group members talked about the need for creating a safe space to encourage and 
meaningful dialogue to help overcome the varying priorities and value sets of the general public. 
Participants expressed the need for acknowledging and affirming the different perspectives and 
values community members bring in with them to the conversation and the importance of 
listening to each other without judgment:  
• “I think it's really important because if you're someone who's on the beach and you have 
a different perspectives It's important for people to listen to each other. (participant, 




• But again, basing it on that community organizing ... or political organizing model, you 
know, if I'm going to post, uh, uh, coffee or breakfast or, uh, whatever it is, cocktail party 
for candidate I support, I'm not just inviting the people who live in my neighborhood. I'm, 
I'm inviting my friends.” (participant, Conversation Starter Focus Group); 
• “And I think we're going to see the same thing coming with sea level rise. There's, there's 
a huge economic opportunities if we see it as an economic imperative, not an 
environmental issue.” (participant, Conversation Starter Focus Group). 
 
Focus group participants felt the lack of organizational collaboration and leadership, 
absent leadership, contradictory or deficient regulations and policies, lack of awareness and 
information, along with competing priorities are significant barriers San Mateo County faces for 
effective community engagement on the issue of climate change. It is noteworthy to expose a 
theme that infiltrated all of the conversations related to barriers when each focus group began 
their group conversations. This theme centered around the notion that ‘someone else’ would need 
to fix the problem because the local level could not solve the problem. ‘Someone else’ included 
the federal government, elected officials, scientists, technology, or even the private sector. For 
example: 
• “We have elected leaders. We say, "’Elect them, figure out what the hell to do and don't 
bother me.’" (participant, Conversation Starter Focus Group); 
• “this Project X concept, um, put that notion out there and let, let the free market, the 
private market, kind of drive it.” (participant, Municipal Focus Group); 
• “we can't do it on our own. We need the state, we need the federal government money. 
Cities themselves can't manage that and I think that's what makes it difficult.” 
(participant, Elected Focus Group). 
 
However, participants with encouragement from facilitators, transitioned the conversation 
into discussing specific solutions that could address the barriers to engagement. The purpose of 
including venues for dialogue among the targeted audience was to help participants explore 
solutions they could support and engage with. Individuals themselves felt more effective and re-
engaged to take leadership on addressing sea level rise by talking about the possible solutions 




I started off the calendar year and I knew I had to accomplish some things. So I kind of 
laid out this plan. I'm gonna accomplish all this stuff, and I'm going to do some different 
things. I was going to get outside the box and think about kind of the larger maybe the 
big ideas that we can get started. I got excited about it, then I looked at the calendar and 
thought, "oh"… So anyway, I am now motivated to start tomorrow. Look in that mirror 
and uh, and uh, try to get the applications in the, uh, in the direction within my 
organization. (participant, Elected Focus Group) 
When that participant concluded, the entire focus group was clapping and nodding in agreement.  
Discussion 
The landscape visualizations experienced through the in-situ OWLS prompted 
meaningful dialogue to explore barriers for climate engagement and adaptation in San Mateo 
County, California. The testimony from the focus group discussions provide insight on barriers 
to engagement along with solutions to overcome those barriers. A number of case studies 
identify and categorize barriers to adaptation (Bedsworth & Hanak, 2013; Biesbroek, 
Klostermann, Termeer, & Kabat, 2013; Moser & Ekstrom, 2010; Eisenack et al., 2014; 
Lorenzoni, Nicholson-Cole, & Whitmarsh, 2007; Burch, 2010). These barriers comprise the 
following categories: institutional, political, financial, social/psychological, and cognitive 
challenges. Table 2 is a summary of these categories and the types of barriers found in each 
classification listed above.  
Many of the engagement and implementation barriers explored in the San Mateo County 
focus group can be situated in Table 2 below. For example, the focus group testimony revealed 
barriers related to each of the five categories listed above. However, in San Mateo County, 




implementation at the local level. A study by Burch (2010) also concluded funding was not as 
significant barrier for climate action . While money and technological capacity were mentioned 
as possible solutions in San Mateo County focus groups, the absence of funding or technology 
was not discussed in depth as a barrier. Facilitators prompted focus group participants to talk 
about barriers that could be addressed absent available funding. 
BARRIER 
CATAGORY EXAMPLES OF BARRIERS 
COGNITIVE Lack of awareness, Inaccurate mental model of causes and/or 
solutions, Lack of expertise, Scientific uncertainty, Lack of 
awareness of co-benefits for implementing resilience; 
 
POLITICAL   Disassociated with political process, Dependency on federal or state 
to deal with the problem; Lack of federal or state mandates; 
 




Lack of technology, Conflicting or absence of laws and regulations, 
Lack of leadership, Lack of coordination within and among existing 
governmental organizations, Lack of mitigation and adaptation 
mainstreamed into existing operations, Competing job priorities and 




Problem is overwhelming creating apathy, Personal worry is low, 
Differing value systems hamper support for solutions, Habits and 
routines are hard to break, Desire to fit into a social group and will 
not go against identity  
 
 
The San Mateo County findings indicate common adaptation barriers that were discussed 
across the three target audience groups. They include: lack of organizational collaboration and 
coordination; absent leadership; conflicting or absent regulations and policies; 
awareness/information; and competing priorities. A cursory literature review of barriers 
Table 2.  
 




corroborates these findings. A recent study by Ekstrom and Moser (2014) identified 12 types of 
climate change adaptation barriers in the San Francisco Bay region. These barriers can be used to 
help situate the barriers uncovered in San Mateo County due to the proximity of the two research 
studies. These barriers (in order of frequency) include: institutional governance issues; attitudes, 
values, motivations; resources and funding; politics; leadership; adaptation options/process; 
understanding; science; expertise; communication; personality issues; and technology/structural 
challenges (Ekstrom & Moser, 2014). These barriers also fit into the broader categories listed in 
Table 2. For example, understanding, science, and expertise can all fit within the larger cognitive 
barrier identified above. While the barriers can occur in different instances and are not always 
mentioned as impeding adaptation implementation, they should not be viewed in isolation 
(Eisenack, et al., 2014). For example, a lack of knowledge between the causes and impacts of 
climate change can be caused by a lack of leadership to educate the community on the specific 
solutions to the problem. See Table 3 for a summarized list of barriers impeding climate change 
engagement and adaptation from the San Francisco Bay region (Ekstrom & Moser, 2014) 
compared to the San Mateo County, California, focus group discussions. Many of the barriers 
uncovered in San Mateo County can be included in the different categories cited in from the San 
Francisco Bay Region. Table 3 lists the barriers reported in the San Francisco Bay region, 
followed by the barriers from San Mateo County, to view how they situate in the larger regional 






San Francisco Bay Region 
Barriers San Mateo County Barriers 
Institutional Governance Lack of Organizational Collaboration & Coordination Conflicting or Absent Regulations & Policies 
Attitudes, Values, Motivations 
 Competing Priorities 
Resources & Funding  
 Competing Priorities  
Politics Absent Leadership 
Leadership Absent Leadership 
Adaptation Options/Process Conflicting or Absent Regulations & Policies 
Understanding Lack of Awareness/Information 
Science Lack of Awareness/Information 
Expertise Lack of Awareness/Information 
Communication Lack of Awareness/Information 
Personality Issues Competing Priorities Absent Leadership 
Technology/ 
Structural  Lack of Organizational Collaboration & Coordination 
 
As can be seen in Table 3, there is overlap between the types of barriers stated in the San 
Francisco Bay region and San Mateo County. For example, absent leadership in San Mateo 
County could be included in the Politics barrier along with the Leadership barrier from the larger 
study. San Mateo participants, as seen in the findings, talked about how leadership in politics 
was missing creating a barrier to engage the community. Participants also linked a lack of 
awareness of the issue due to a lack of understanding, available and conflicting science, and a 
Table 3.  
 




lack of expertise on identifying how the impacts would manifest in the community. This further 
corroborates the research on the interconnectedness and dependent nature of engagement and 
implementation barriers to climate adaptation (Eisenack et al., 2014).  
As indicated in the findings, participants in all focus groups initially verbalized a lack of 
self-efficacy on addressing climate change impacts in their organizational or community roles. 
However, as the dialogue progressed, facilitators were able to guide the conversation into 
discussions on solutions to overcome the barriers mentioned. Solutions were then discussed that 
addressed the different categories of barriers listed. Meaningful conversation with trained 
facilitators allowed participants to listen to each other and discuss the pros and cons of ideas and 
solutions suggested throughout the discussion. Participants were able to transcend the notion of 
the inability of being effective at the local level and engage in a deep and rich dialogue on types 
of solutions needed to tackle the problem of sea level rise in San Mateo County. These solutions 
are depicted in Figure 5 along with the barriers they intend to overcome. The solutions are 
presented in an overlapping graphic to convey their interrelated and often co-dependent nature. 
As was discussed previously about the climate change adaptation barriers, many solutions are 
dependent on other solutions being implemented in order to be effective. For example, in order 
to build a sense of urgency, awareness of how climate impacts are expected to affect a specific 
community need to be communicated to the general public. This in turn could build political will 
and public support to take action on climate change. Recent research on overcoming challenges 
faced by local governments in California was conducted indicating the need for state mandates to 
push for action, public, private, and non-profit partnerships to overcome limits in capacity, and 
public support (Bedsworth & Hanek, 2013). These solutions were also verbalized at many of the 































Future research could further aid in understanding the various solutions needed to 
overcome the barriers for engagement. While a few solutions might work in any geographic 
location or context, many situations might require site specific solutions based on the particular 
Figure 5. San Mateo County Barriers and Corresponding Solutions  
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barriers faced in each case. In addition, more inquiry is necessary on the benefits and possible 
disadvantages for incorporating a comprehensive public participation process into the climate 
issue (Whitmarsh, O’Neill, & Lorenzoni, 2013). The dialogue in San Mateo County provides 
further data on the benefits of including a participation process that includes meaningful dialogue 
in a landscape visioning process. The 3D imagery was a valuable tool for stimulating awareness 
on local sea-level rise impacts and possible solutions for climate adaptation. The visual imagery 
aided the county in ‘setting the stage’ for two-way conversations to talk about how to overcome 
the barriers for climate change engagement and adaptation in San Mateo County. Focus group 
participants recommended information and facilitator kits are established and used for engaging 
the broader public. Based on this research, the ‘kits’ developed should include ethically 
compelling 3D visualizations to assist facilitators to effectively communicate to the larger public.  
While criticism on the OWL experience was shared regarding technical issues, confusion 
due to survey response sequencing and transitions, and location, the majority of focus group 
members still felt the landscape visualizations were a valuable tool for engaging the public. One 
participant said,  
I thought a very powerful part that the OWL had done was that it was actually like you 
were looking through binoculars. On the actual landscape that you're in. I think that was a 
very powerful thing because you could turn it and see it and use ... And you could look 
above it and you could see what it looks like. And that had immediacy (to it). 
(Participant, Conversation Starter focus group) 
Another focus group member commented on the value of being able to reach a diversity 




family, uh, trying it out. And, um, so in, in that sense, I think it’s a ... it’s a really useful tool” 
(participant, Elected focus group).  
The landscape visualization process could also aid in the implementation of the myriad of 
climate change engagement and adaptation solutions suggested by focus group participants. 
Recent research has found local climate change visualizations, prepared by credible third parties, 
can support local government staff to communicate and advocate for local solutions (Cornish, 
2013). Future research could study the long-term effectiveness of using OWL technology to 
increase engagement of local government staff and elected officials advocating and 
communicating local solutions in their communities.  
Conclusion 
Landscape visualization is an important tool to begin meaningful conversations around 
the barriers and solutions to implementing climate adaptation action. As noted by other research, 
this study demonstrates the importance of using visualization with meaningful dialogue to 
understand how the barriers to engagement could be overcome. As seen in San Mateo County, 
the use of landscape visualization along with dialogue explored relevant barriers and specific 
solutions for climate change engagement and adaptation. Crucial barriers to address in San 
Mateo County for climate change engagement and adaptation consist of a lack of organizational 
collaboration and coordination, absent leadership, conflicting or absent regulations and policies, 
awareness/information, and competing priorities. These barriers are not uncommon in the 
literature and have been cited in other research studies.  
The dialogue allowed for a notable transition from relying on ‘someone else’ to address 
the issue to specific suggestions on how they could overcome obstacles for engagement and 




implementation of local solutions. The landscape visualization process stimulated the dialogue 
needed to overcome challenges and explore various solutions ranging from infrastructure and 
policy changes to increasing awareness and concern about the issue. The findings indicate that 
landscape visualization can be an effective method for engaging the local community on 
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Chapter Five: Conclusion and Discussion 
As demonstrated, while there is broad scientific consensus that climate change is 
occurring and is anthropogenic, there still exits an ‘Adaptation Deficit’ of action to create local 
climate resilience (Burton, 2009; Eisenack, et al., 2014; Glavovic & Smith, 2014; Moser & 
Ekstrom, 2010; Picketts, Déry, & Curry, 2014; Preston, Westaway, & Yuen, 2011; Tang, Brody, 
Quinn, Chang, & Wei, 2010). Local climate resilience relies on community engagement and 
civic behaviors to ensure implementation of municipal climate resilience goals (Gifford, 2011; 
Weber & Stern, 2011). Landscape visualization, along with meaningful dialogue, can have 
positive impacts on community engagement for local climate resilience. This research has shown 
that communicating climate change through landscape visualization can impact concern levels, 
promoting motivation to engage in certain actions among community members.  
As seen in the Literature Review, few examples of landscape visualization studies 
include a meaningful dialogue process in conjunction with the visualization or in situ 3D visuals. 
The goal of this research was to explore the impact of landscape visualization on community 
engagement for local climate resilience, in part through a dialogue process. The following two 
research questions were studied in order to investigate the overall goal above: 
1. What is the impact of visual communication on engagement in a local climate change 
adaptation process? In particular, 
 
- How is concern impacted by the visualizations? 
- What are the correlations between age and concern, age and engagement, concern 
and engagement?  
 
2. How does visual communication, along with a meaningful dialogue process, impact 
engagement relating to climate resilience?  
 
- Did the process allow for a deeper exploration into barriers to engage in a civic 
process? If so, what are these barriers? What are the specific barriers related to 
efficacy?  




What is the impact on self-efficacy? 
 
The first question was answered in the Chapter 3. The findings indicate landscape 
visualization can affect factors that impact engagement and behavior, such as feelings of concern 
and efficacy. The research also validated the importance of selecting imagery that reflects all of 
the attributes recommended for inclusion in a landscape visualization process to reduce 
psychological distancing that occurs with the issue of climate change. As seen in San Mateo 
County, experience of the on-site OWL visualizations led to reduced concern over sea level rise 
among the majority of the public participants. It appears that the viewing locations and shoreline 
images selected did not represent a highly personally relevant environment for the general public 
that interacted with the OWLS. A further contributing factor may be that the two images used to 
provide before and after comparisons on concern level did not show a clear difference in visible 
sea levels. 
However, the findings from the San Mateo research indicate landscape visualization did 
increase concern among individuals with existing low to no concern on sea-level rise, high tides, 
and storms. This finding was related to an individual’s desired engagement level in their 
community. This information is valuable for communities and practitioners seeking to activate 
population groups that normally are not involved or concerned about the issue of climate 
adaptation. Increasing the overall population that is concerned and cares about the issue can help 
communities achieve climate resilience.  
The study also found statistically significant relationships between concern and 
engagement, age and concern, along with age and engagement levels. There was a strong 
positive relationship between concern over future sea level rise and motivation to engage. The 




the issue in their community.  In addition, there was a relationship between age and engagement 
and age range and concern. Baby Boomers were more inclined over other age ranges to take an 
active role in their community. While all age ranges on average decreased their concern after 
viewing the future sea-level rise scenario, Generation X and Baby Boomers were the most 
concerned about future sea-level rise.  
The second research question was answered in Chapters 3 and 4. Landscape visualization 
is an important tool to begin meaningful conversations around the barriers and solutions to 
implementing climate adaptation action. The dialogue process allowed for specific barriers to be 
uncovered related to engagement and explored the impact of low efficacy levels on taking 
climate change adaptation actions. As noted by other research, this study demonstrates the 
importance of using visualization with meaningful dialogue to understand how the barriers to 
engagement and climate adaptation could be overcome. The research study relied on landscape 
visualizations to inspire and support discussion on local sea-level rise and flooding impacts. 
Individuals were able to talk through barriers they encounter in San Mateo County and specific 
solutions to overcome inaction for climate resilience.  
In addition, the dialogue allowed for additional insight to be gained on the decrease of 
concern levels among many participants after viewing the sea level rise visualizations. 
Statements from the target audience revealed the importance of depicting personally relevant 
environments in the imagery to increase concern levels. As shown in the second chapter, a 
literature review of landscape visualization and its application for engagement and climate 
adaptation, five attributes are considered necessary to increase concern and motivate engagement 
for climate resilience. These include: (1) realism; (2) immediacy; (3) personally relevant 




future consequences. Sheppard’s visualization Code of Ethics suggests the need to address 
accuracy, representativeness, legitimacy, visual clarity, and accessibility (2005). In the previous 
Marin County landscape visualization study, all five of the attributes that need to be included in 
the imagery created were represented. The inclusion of homes, businesses, and a neighborhood 
in the Marin County imagery increased overall concern levels by triggering personal worry about 
the issue, which is a more accurate predictor for engagement. In the San Mateo County project, 
participants suggested locating the OWLs in a different location to ensure inclusion of homes, 
businesses or neighborhoods. This also suggests that stakeholder involvement in the design and 
implementation of on-site visualization techniques should be built into recommended processes 
for such work, together with a coordinated dialogue process on the implications of the visioning 
experience. 
In terms of the additional factors related to the ethical use of visualization, many of the 
criteria was met in regard to accuracy, representatives, visual clarity, interest, legitimacy, and 
framing and presentation. However, accessibility was lacking in terms of presentation avenues 
for the landscape visualizations. Sheppard’s Code of Ethics (2005) recommends the importance 
on understanding how different potential users require different visualization approaches. For 
example, certain members of the general public, such as seniors or individuals with disabilities, 
might not have access to the park to interact with the OWL viewers. Certain population sub 
groups are more inclined to view the visuals in presentation format and from an inside location. 
While there was a web page with the visualizations embedded for the general public to view, 
data was not collected and analyzed from the website. This research study relied on one technical 
format that was in situ and outside requiring tech-savvy ability to view the landscape 




sequential format versus allowing for a side by side view of the changes based on sea-level rise. 
A sequential format was used to simulate an on-site experience that attempts to place the viewer 
within the projected future scenario. The objective of the technology is to aid in transforming the 
landscape in real time for the user to experience the future scenario. This could not be 
accomplished if there were side by side scenario comparisons. 
Future research could further evaluate the impact and changes to both concern and 
efficacy after experiencing this type of visualization process on local climate impacts and 
solutions. Research could measure the level of impact (if at all) on these two motivators of 
engagement, and whether they correlate to motivation to engage on local climate resilience. 
Future longitudinal mixed methods studies could shed light on levels of concern, efficacy, and 
motivation to engage, along with exploring in depth reasons and the meaning behind why 
individuals feel and choose to engage in the issue. Conducting future studies that include 
meaningful dialogue can help practitioners understand adaptation barriers and how to overcome 
them. Solutions need to be case specific and supported by the communities where they are 
implemented.   
Along with the considerations for future research above, feedback from the focus group 
testimony pointed out the need for other technical venues to be used as a platform for the 
landscape visualizations. For example, it was suggested the project partners consider using 
smartphones at various locations for the general public to view the imagery created. Due to this 
recommendation, the visual imagery created for the next project site, San Francisco, California, 
will employ Google Glasses and smart phone technology versus the OWL viewers. This study 
will allow for a comparison on the various types of technologies that can be deployed in an in-




Lastly, van der Linden’s ‘Hierachy of Concern’ model (2017) suggests personal worry is 
a more accurate precondition for engagement. It would be important to reword any future survey 
questions testing concern levels to more accurately gather personal worry versus general concern 
levels. This might be accomplished by asking, “How personally worried are you about sea-level 
rise and flooding that is projected for this area in the near future?” Additionally, a question might 
be used replicating a similar format based on the Yale Program on Climate Change 
Communication polling. This could inquire about the level of personal worry the individual feels 
on projected sea-level rise by asking if they are worried it will affect: their state, their region, 
their community, their family, or themselves personally.   
Climate resilience relies on community engagement to ensure municipal plans, policies, 
and recommendations are implemented at the local level. The landscape visualization process, 
along with meaningful dialogue, can help communities overcome many of the barriers associated 
with implementation of climate resilience goals. The findings indicate that landscape 
visualization, carefully executed, can be an effective method for engaging the local community 
on solutions to sea level rise to build climate resilience. Based on the research, best practices are 
recommended moving forward with in situ3D landscape visualization climate engagement 
process. The following are key takeaways to consider when designing and implementing an 
engagement strategy using this technology (Table 1). First, work with an advisory group to 
ensure visualizations. Possible solutions are designed and targeted to the specific audience to 
engage. Secondly, include all of the visualization attributes recommended by the various 
researchers cited in this paper. In particular, ensure personally relevant images for the audience 
are included in the images. Remember, while certain locations might be easier for permitting and 




a higher emotional response to the impacts projected. Adhere to the Landscape Visualization 
Code of Ethics to avoid limitations and take into account ethical considerations (Sheppard, 2005) 
which includes criteria related to accuracy, representativeness, legitimacy, visual clarity, interest, 
and accessibility when developing the landscape visualizations and formats for participants to 
experience the visuals. Include a facilitated dialogue event for target audience members to reflect 
on the visualizations experienced and talk about how to move forward with climate engagement 
and adaptation in their community. The landscape visuals created can act as a ‘hook’ to mobilize 
a target audience. It is at this opportune time researchers will have the ability to engage and 
further activate community members on implementing action. It is important to leave 




Best Practices for 3D In Situ Landscape Visualization for Local Climate Engagement and 
Resilience 
Best Practice Summary 
Create and Collaborate with Advisory 
Group 
Include relevant stakeholders in advisory group to 
select location, target audience, projected impact 
scenarios and response options for visuals 
Include Recommended Landscape 
Visualization Attributes 
Realism, immediacy, personally relevant 
environment, people, animals and/or symbolic 
objects, and demonstrate future solutions. 
Adhere to Landscape Visualization Code 
of Ethics 
Address accuracy, representativeness, legitimacy, 
visual clarity, interest, and accessibility. 
Include Meaningful Dialogue 
Facilitate and include an opportunity for 
participants to engage in meaningful conversation 
on the visuals experienced and how to overcome 
challenges for climate engagement and 
adaptation.  
Create A Plan of Action for Participants  
Use the landscape visualization process as a hook 
for individuals to take action steps to help create a 
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Scenario 1 – "Current Condition": Illustrated current storm and flood conditions already 
experienced in the area from sea level rise to date with an extreme King Tide event. This is based 
on 2-feet sea-level rise. This visualization illustrated flooding that overtops the existing riprap 



















Scenario 2 – "Sea Level Rise/No Action": Illustrated 4 feet of sea level rise to illustrate 






Scenario 3 – "Possible Response Option to 2 Feet Sea Level Rise": This illustrated what is 




Scenario 4 – "Response Option to 4 Feet Sea Level Rise": This illustrated what the future could 






Survey Questions in OWL Viewers 
 
1. FIRST VISUALIZATION – CURRENT FLOODING RISK 
How concerned are you about these current risks of sea levels, high tides and storms? 
Click the left button to choose the answer that best matches your level of concern and the 






Not Very Concerned; 




2. SECOND VISUALIZATION – 4FT SLR WITH NO ADAPTATION 
How concerned are you about these future risks from additional sea level rise? Again, 
click the left button to get to the answer that best matches your level of concern and the 
right button to select it. 
 
ANSWERS:  
Not at All Concerned; 






3. THIRD VIZ – 2FT SLR WITH PLANNED ADAPTATION RESPONSES  
Beyond Coyote Point, communities across San Mateo County are experiencing increased 
flooding and are working to find solutions. Whether you live near here or elsewhere, how 
supportive are you of your community taking immediate action to address increased 






Not Very Supportive; 








4. FOURTH VIZ – 4FT SLR WITH POSSIBLE ADAPTATION RESPONSES  
There are many opportunities to get involved in San Mateo’s sea level rise planning. Tell 
us how you would like to get involved in your community? Click on the left button to get 




I will not get involved; 
I am interested but not likely to participate; 
I would like more information and updates on the process; 
I would like to attend more meetings as the planning gets underway; 




5. NO VISUALIZATIONS 
Great, thanks! Tell us quickly: what is your age? Click the left button to get to your age 









(These are separated by generations: Gen Z, Millenials, Gen X, Baby Boomers, Silents.) 
 
 
LAST AUDIO NO VISUALIZATIONS 
Finally, you can leave an audio message to tell us what you think about these flood risks 
and response options. Press the [L/R] button to start recording and thank you for visiting 








Focus Group Facilitator Agenda: Creating a Resilient San Mateo County in the Face of 
Sea-level rise  
 
8-12 Participants 
Expected duration 2 hours 
 
Objectives 
• Explore further the meaning participants made of and the experience with the OWLS and 
visualizations; 
• Explore the underlying concerns and emotional responses as well as their sense of 
efficacy and hope; 
• Explore participants' motivations to engage in the adaptation process; 
• Explore participants' barriers to or challenges with enacting adaptive solutions; 
• Explore action steps the individuals in the group can engage in further within their 
community (this could be from County recommendations or related to the actions 




The facilitator welcomes everyone, introduces herself and Christa, and introduces the project and 
purpose of the focus group.  
Project overview:  
• “Look Ahead San Mateo” is a collaborative effort with San Mateo County, Climate 
Access, Owlized, ourselves, and sponsored by FEMA 
• Project is intended to help local residents better understand the risks and potential 
response options to current and future flooding – using the Owl 
• Specifically, we’re trying to better understand what people like yourselves already know 
about these risks, what your experiences are, and what you think can be done to address 
them 
• Focus groups are one part of the research element of this project, intended to better 
understand your views; results together with the Owl survey will help SMC enhance the 
ways in which they engage community members in planning for the future. 




Facilitator explains ground rules, importance of following them, asks for questions, and all agree 
on ground rules.  
Ground rules: 
• we are promoting an environment where people can speak honestly and openly, and in 
order to accomplish that, everyone honors confidentiality after the process [what this 
means will be explained in clear and simple terms],  
• everyone is asked to actively participate, and everyone has a right to speak, thus cross-




• no one or two individuals should dominate, facilitators will help ensure this through 
gentle intervention if necessary 
• the point of this focus group is not some kind of consensus or decision, but to give 
everyone an opportunity to express their thoughts and feelings. To accomplish that, we 
will maintain an open and respectful atmosphere for the discussion, and 
• we will listen to each other. 
 
Participants will also be made aware of the recording, and they will sign a consent form. 
 
Getting started: Reflection on Owl experience  
20 mins 
Invite people to introduce themselves and each take 1-2 minutes (timed) to talk about their 
personal experience using the OWL (Go around the table).  
 
Round #2: Experience with flooding 
20 mins 
Ask participants to tell stories of how SLR and/or flooding has impacted them where they live, 
work or recreate (volunteered, random order, not everyone has to speak;  
• interrupt if it goes on too long to invite another person;  
• ensure people know they don’t have to all speak,  
• assure them we’re interested in hearing where it happened, what happened, how their 
lives were disrupted, what their personal experience of the event was; 
• listen for connections to government, to climate change, to emotional responses etc. 
• don’t go longer than 20 minutes total 
 
Round #3: Discussion/Deliberation on possible responses  
20 mins 
Move participants to discuss what they believe are possible options/solutions for addressing 
current and elevated flooding risks due to sea-level rise in their communities; 
• ask first about what they can do in their homes/businesses 
• ask what they feel government could do; 
• what they have been doing to date and how they have gotten involved in government 
planning efforts; (if it’s all about FEMA, make sure to ask about local government, too) 
• explore what people know about responses they have not mentioned? Whether they just 
don’t know about them or don’t feel they would work, why? 
 
Round #4: Discussion/Deliberation on emotional responses, barriers, efficacy  
30 mins 
Pick up on what was said about emotional responses, any sense of powerlessness, barriers to 
action, and invite people to elaborate on any of these 
• participants talk about challenges and barriers for moving forward 
• invite them to speak their feelings: how hopeful (or not) they are that effective responses 
will be enacted;  
• inquire about the role they see for themselves in making positive solutions happen;  





Round #5: Exploration of next steps  
10 mins 
Invite participants to talk about next steps that they can take that would work toward positive 
outcomes  
• how can they work toward eliminating the barriers they encounter? 
• What steps can be taken even with challenges to move the process forward? 
• Any commitments people are willing to make? 
 
Ending the Forum/Reflection  
10 mins 
Invite participants to share any last reflections on what was discussed today. Prompt them with a 
few of the questions below (not all! – too much; vary across focus groups; pick what makes most 
sense given the flow of conversation) 
Prompts for Reflection:  
• What didn’t we work through?  
• Which trade-offs are you willing to make to move in a shared direction?  
• Which are you unwilling to make? 
• What do you still need to talk about?  
• Can you identify any shared sense of purpose or direction?  
• How has your thinking about the issue changed?  
• How has your thinking about other people’s views changed? 
• How has your perspective changed as a result of what you heard in this forum? 
• Recap - what steps can we – individually and collectively –  
take moving forward?  
 
Thank you and closing 
Thanks everyone for their time, and frankness in sharing their thoughts and feelings. 
Next steps: 
• We’re conducting more focus groups 
• Analyze the results together with survey data in Owl  
• Share synthesis with San Mateo County and other project partners: FEMA, Climate 
Access, Owlized 
 
Mention that we will follow up with additional information about flooding, San Mateo’s SLR 
planning efforts.  
• Buy yourself some time, saying that because we’re doing focus groups back to back this 
week, it may not be until next week, but we will send them some follow-up information 
• Give them our contact info and make sure they feel comfortable following up by email to 
either or both of us 













“WHAT CAN I DO?” 
SUGGESTIONS FOR ACTIONS AT THE INDIVIDUAL LEVEL 
 
What can I do to flood-proof my property from sea level rise? 
Some options for property owners in the near term include using sandbags during storms and king 
tides, and in the long term many are considering elevating their homes. In the coming months, San 
Mateo County planners will be exploring many different adaptation options to help protect homes, 
businesses, and natural areas from future flooding.  The County will work with other regional and 
federal government agencies to identify solutions for property owners.  Sign up for San Mateo 
County’s mailing list or join their Facebook group to get more information. 
 
What can I / we / residents do now to help prevent the worst effects of sea level rise? 
Collectively, we have the ability to protect our communities from climate impacts.  The following are 
ways individuals can help work toward these community goals and have an impact: 
 
1. Join the Sea Change SMC conversation on Facebook/email listserve. 
https://www.facebook.com/groups/SeaChangeSMC/?fref=nf  
 
2. Participate in the King Tides citizen science project and take photo of the high tides! 
http://california.kingtides.net/citizen-science-projects/  
 
3. Enroll in San Mateo County’s Peninsula Clean Energy (PCE) program and power your home 
with renewable energy at competitive rates.  For more information, visit Peninsula Clean 
Energy (http://www.peninunsulacleanenergy.com). 
 
4. Support local, state, and federal action on sea level rise. 
Contact your political representatives: 
US Congressional members: https://www.govtrack.us/congress/members 
US Senate members: http://www.senate.gov/senators/contact/  
CA State Assembly members: 
http://www.legislature.ca.gov/legislators_and_districts/legislators_and_districts.html  
San Mateo County elected officials: 
https://www.shapethefuture.org/elections/electedofficials/county/  
 







Sea Change San Mateo Event Web Site 
Sea level rise events includes stakeholder meetings, public workshops, and other events that the 
County has planned related to preparing for sea level rise. See the website above for details on 
upcoming events and resources from past events, such as agendas, videos, presentation slides, 
and meeting minutes. 
 
 
BACKGROUND INFORMATION ON LOOK AHEAD  
SEA CHANGE San Mateo County FAQ 
The document above provides background information and answers frequently asked questions 











Resources for More Information 
 
 
ADAPTATION RESOURCES AND PRACTICES 
Adaptation Clearinghouse Georgetown Law Clinic  
The Adaptation Clearinghouse seeks to assist policymakers, resource managers, academics, and 
others who are working to help communities adapt to climate change. Content focal areas 
include the water, coastal, transportation, infrastructure and public health sectors, and adaptation 
planning, policies, laws, and governance. Resources that fall within these areas receive priority 
and are the most likely to be published in the Adaptation Clearinghouse. 
 
US Climate Resilience Toolkit NOAA 
The U.S. Climate Resilience Toolkit is a website designed to help people find and use tools, 
information, and subject matter expertise to build climate resilience. The Toolkit offers 
information from all across the U.S. federal government in one easy-to-use location. 
 
EPA and Antioch University Free Webinar Series 
The webinar series, Weathering Change: Local Solutions for Strong Communities, is 
presented by Antioch University New England, in partnership with the U.S. Environmental 
Protection Agency (EPA). The webinars are geared toward local government staff and other 
community stakeholders working on climate change adaptation. Webinars are offered once a 
month on natural and social science topics ranging from conducting vulnerability assessments, 
needs assessments, communication and messaging, and stakeholder engagement.  
 
Climate Adaptation Knowledge Exchange (CAKE) EcoAdapt – Case studies and resources 
The Climate Adaptation Knowledge Exchange (CAKE) builds a shared knowledge base for 
managing natural and built systems in the face of rapid climate change. It helps users on: 
• Vetting and clearly organizing the best information available, 
• Building a community via an interactive online platform, 
• Creating a directory of practitioners to share knowledge and strategies, and 
• Identifying and explaining data tools and information available from other sites. 
 
COMMUNICATING SEA LEVEL RISE AND OTHER CLIMATE CHANGE IMPACTS 
Climate Access: Tip Sheets on Communication 
Climate Access tip sheets highlight key strategies that you can apply to outreach campaigns and 
programs. These handy one-page reference tools feature essential pointers from climate 
communication and behavior change research. 
 




Climate Access hosts monthly roundtable discussions (via webinar) with leaders in the field of 
climate communications and behavior change.  
 
Video: Telling the Public Story Marshall Gantz 
Worksheet: Telling the Public Story Marshall Gantz 
The resources above teach individuals how to craft their own narrative to use in discussion when 
talking and communicating about climate change. Stories are how we learn to make choices. 
Stories are how we learn to access the moral and emotional resources we need to face the 
uncertain, the unknown, and the unexpected mindfully. And because the sources of emotion on 
which they draw are in our values, our stories can help us translate our values into action. 
 
Climate Outreach: Communicating Climate Adaptation Guide & Resources 
This practical ‘how-to’ guide introduces the concept of values-based climate change 
communication for adaptation.  It provides clear, concise summaries of the principles of 
engagement, combined with practical examples of how public entities can use and tailor these 
principles in their work. In addition, there is this resource: Communicating flood risks in a 
changing climate. Oxford: Climate Outreach. http://www.climateoutreach.org/resources  
 
Climate Access: The Preparation Frame  
This guide explores how to shift the climate conversation to a focus on preparing for and 
reducing the threat of climate disruption. The preparation frame is built around the fundamental 
challenges, choices, and opportunities we face in confronting climate disruption and puts people, 
prosperity, and security at the heart of the discussion.  
  
Susanne Moser: Wide range of writings on climate change/adaptation communication  
Susi is a leading researcher in the field of climate change communication and adaptation. On her 
website, most of her publications are available. This includes a link to her field-defining book on 
climate change communication for social change, as well as more recent work on hope, 
empowerment, communicating adaptation, communicating across cultural divides etc. The 
collection of work offers scientifically grounded but also practical suggestions on how to 
communicate climate change and how to approach related social change more effectively. Check 
out the website for a complete list of publications and trainings.  
 
STARTING THE CONVERSATION RESOURCES 
• http://www.dialogos.com/resources/proposal.html 
• http://www.dialogos.com/resources/DaTM.html  
• http://www.dialogos.com/resources/files/systhink.pdf 
• http://www.publicconversations.org/resources/guides 
• Facilitation Guide: 
http://sanctuaries.noaa.gov/management/pdfs/mentor_facil_mod4_curr.pdf  
• Sweetland, J. (2014). Promoting productive and hopeful conversations about climate 
change. (available online) 
 
 
CHANGING BEHAVIORS RESOURCES 




• Enabling Change: http://www.enablingchange.com.au/  
• Jackson, T. (2005). Motivating Sustainable Consumption: A review of evidence on 
consumer behaviour and behavioural change. A report to the Sustainable Development 
Research Network:  http://www.comminit.com/en/node/219688/36  
• Gardner, G.T. and P.C. Stern (2008). The Short List:  The Most Effective  Actions U.S. 
Households Can Take to Curb Climate Change. Environment 50(5):  12-24. 
• Heath, C. & D. Heath (2010). Switch: How to Change Things When Change is Hard. 
New York: Broadway Books. 









Chapter 1: Figure 1. (IN TWO PLACES) The Community Awareness to Action (C2A) 
Framework, represented as a simple flow-diagram incorporating both knowing and seeing as 
potential contributors to action on climate change. Graphic: J. Myers. Reproduced from 
‘Visualizing Climate Change’ (Sheppard, 2012) with permission from Taylor and Francis.  
 
Dear Christa  
I hereby give you permission to use the graphic described in the correspondence below in your 
PhD thesis and any subsequent journal or other articles arising from it. The language given by 
Stephen is fine as long as you include the full reference to Sheppard (2012) in your bibliography. 




Senior Commissioning Editor 
Earthscan from Routledge 
Routledge/Taylor & Francis Group 
www.routledge.com/sustainability 
 
From: Christa Daniels Sent: 31 January 2018 16:29 To: Sheppard, Stephen Cc: Hardwick, Tim 
Subject: Re: Copyright 
Yes. Thank you. I need to copy a letter or email granting permission to be included in my 
appendix. An email back to this email can grant permission for below.   
 
The graphic will be used in these places using this language with these links : 
a. Proquest Dissertations and Theses Database and that Proquest is a Print on Demand 
Publisher http://www.proquest.com/products-services/pqdt.html 
b. Ohiolink Electronic Theses and Dissertations Center and that Ohiolink ETD Center is an open 
access archive https://etd.ohiolink.edu/ 








Figure 1. The Community Awareness to Action (C2A) Framework, represented as a simple flow-diagram incorporating both knowing 





Chapter 2: Figure 2. OWL User in Marin County. Permission to Use from Climate Access  
Chapter 3: Figure 11.  OWL Signage. Placed near OWLS at Coyote Point Recreational Area. 
Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
Chapter 3: Figure 3. Landscape Visualization Scenario 1. Current Condition with King Tide 
event based on 2-feet sea level rise. Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
Chapter 3: Figure 5. Landscape Visualization Scenario 2. Sea-Level Rise No Action based on 
4-feet sea level rise. Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
Chapter 3: Figure 7. Landscape Visualization Scenario 3. Possible Response Option to 2-Feet 
Sea-Level Rise Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
Chapter 3: Figure 9. Landscape Visualization Scenario 4. Response Option to 4-Feet Sea-Level 
Rise Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
Chapter 4: Figure 1. OWL and Users, San Mateo County Government. Reproduced from Sea 
Change San Mateo County, 2018 by C. Daniels, 2018. Retrieved from 
seachangesmc.com/current-efforts/look-ahead-san-mateo/.  
Chapter 4: Figure 2. OWL Visuals: Clockwise from top left: Scenario 1, 2, 3 and 4. Current 
and future flooding with two possible future solutions. Reproduced from FEMA Region 9 OWL 
project. 
 
EMAIL APPROVAL FOLLOWS: 
We are the copyright holder for these images and grant permission for use in your dissertation. I 







On Wed, Jan 31, 2018 at 12:56 PM, Christa Daniels wrote: 
I need to confirm Climate Access is the copyright holder and need permission via  a letter or 
email granting permission to use images and graphics below to be included in my 
appendix.  You can respond to this email granting permission. Your response email will need to 
be cut and paste into the published dissertation. It will be used in these places using this language 
with these links : 
a. Proquest Dissertations and Theses Database and that Proquest is a Print on Demand 
Publisher http://www.proquest.com/products-services/pqdt.html 
b. Ohiolink Electronic Theses and Dissertations Center and that Ohiolink ETD Center is an open 
access archive https://etd.ohiolink.edu/ 
c. AURA: Antioch University Repository and Archive and that AURA is an open access 
archive. http://aura.antioch.edu 
 
These are the images and captions: 
 







Figure 3. Landscape Visualization Scenario 1. Current Condition with King Tide event based on 
2-feet sea level rise. Reproduced from Climate Access, 2018 by C. Daniels, 2018. 
  
 
Figure 5. Landscape Visualization Scenario 2. Sea-Level Rise No Action based on 4-feet sea 
level rise. Reproduced from Climate Access, 2018 by C. Daniels, 2018. 
  
  
Figure 7. Landscape Visualization Scenario 3. Possible Response Option to 2-Feet Sea-Level 
Rise Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
 
 
Figure 9. Landscape Visualization Scenario 4. Response Option to 4-Feet Sea-Level Rise 
Reproduced from Climate Access, 2018 by C. Daniels, 2018.  
 
  
Figure 11.  OWL Signage. Placed near OWLS at Coyote Point Recreational Area. Reproduced 
from Climate Access, 2018 by C. Daniels, 2018. 
 
 
ALL FIGURES REPEATED FROM ABOVE FOR THE FOUR SCENARIOS 
Figure 2. OWL Visuals: Clockwise from top left: Scenario 1, 2, 3 and 4. Current and future 
flooding with two possible future solutions. Reproduced from FEMA Region 9 OWL project. 
  
 
Chapter 2: Figure 3. “Theoretical effects of different types of landscape visualizations in 
stimulating perceptions and behavior in response to climate change”. Reprinted from Landscape 
visualization and climate change: the potential for influencing perceptions and behavior by S. 















This Agreement between Christa Daniels ("You") and Elsevier ("Elsevier") consists of your
















































I started this research based on my experiences working with local governments in the 
United States on climate mitigation and adaptation. I worked as a municipal planner, followed by 
a non-profit that worked with local governments on climate action. I kept finding that, even the 
municipalities considered climate leaders, climate goals and plans were often remaining on the 
shelf. In many communities, actions were taken that addressed municipal operations and 
emissions, however community action steps were still being discussed. As I kept working on the 
issue, I found there was a lack of an engaged public to support and push for action at the local 
level. This included getting the public to talk about and support zoning changes, building 
standards, or other local policies that directly impact land use. It also seemed that financial 
support and financing mechanisms needed to implement the plans and policies were often 
lacking as well. There needed to be local public support to build the political will for local 
elected officials to propose or enact those types of regulations and policies. In addition, 
individual behavior changes to mitigate or adapt to projected climate impacts was absent. Based 
on all of this, I focused my research on how to effectively engage the public to ensure behavior 
changes along with municipal regulations and policies were implemented to create climate 
resilient communities. In my conversations with neighbors, friends and family, I realized people 
were not engaged because they did not see the urgency about the issue, and if they did, they did 
not know how they could act to make a difference. I thought about my own personal experiences 
with social issues, and realized I engaged when I could ‘see’ the issue and talk about it with 
others. I did not want anyone telling me how to act or what to do on an issue. I decided it would 




venues could impact engagement on climate change. After being involved in various pilot 
projects, I decided to focus my dissertation on exploring the issue further.  
 Initially, what I found was amazing. In the first pilot project, concern went up and was 
related to an increased engagement level. I was ecstatic to purse the dissertation research and 
replicate the finding and was not expecting how small differences in the research design could 
have such a profound impact on the results. I actually cried when I first uncovered the decrease 
in concern in San Mateo County, California after viewers experienced the projected sea-level rise 
visualization. However, I quickly realized the significance of deconstructing the elements of the 
process and how they might have impacted concern levels. I also was overjoyed to see the 
project, even with the underwhelming scenarios, and technical issues, still increase concern for 
an audience that did not feel concerned about existing flooding and sea level rise. This was a 
noteworthy finding. In addition, the research helped confirm the previous finding that high 
concern levels were linked to higher intended levels of engagement.  
In the end, the research I explored can help communities find alternative ways to engage 
their communities on the important issue of climate resilience. My personal goal is to help 
communities use this type of visualization to activate and engage their communities. I want my 
own community to become climate resilient, because I want my son and his future family to live 
in a world that is able to transform and adapt to our changing climate while still maintaining 
thriving, sustainable, and fulfilling lives.  
